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Abstract
We present the first algorithm for regular expression matching that can take advantage of
sparsity in the input instance. Our main result is a new algorithm that solves regular expression
matching in O
(
∆ log log nm∆ + n+m
)
time, where m is the number of positions in the regular
expression, n is the length of the string, and ∆ is the density of the instance, defined as the
total number of active states in a simulation of the position automaton. This measure is a
lower bound on the total number of active states in simulations of all classic polynomial sized
finite automata. Our bound improves the best known bounds for regular expression matching
by almost a linear factor in the density of the problem. The key component in the result is a
novel linear space representation of the position automaton that supports state-set transition
computation in near-linear time in the size of the input and output state sets.
1 Introduction
Sparsity is a well-studied phenomenon that has been widely exploited for efficient algorithms in
a wide range of areas such as graphs algorithms, dynamic programming, and exponential time
algorithms.
In this paper, we study sparsity for the regular expression matching problem. We show how
to solve the problem in O(∆ log log nm∆ + n+m) time, where m is the number of positions in the
regular expression, n is the length of the string, and ∆ is the density of the instance, defined as
the total number of active states in a simulation of the position automaton. This measure is a
lower bound on the total number of active states in simulations of all classic polynomial sized finite
automata. While sparsity has been extensively studied for related pattern matching problems, see
e.g., [2,11,12,22,38,39], this is the first result to efficiently take advantage of sparsity for the regular
expression matching problem. Our bound improves the best known bounds for regular expression
matching by almost a linear factor in the density of the problem.
1.1 Regular Expression Matching
A regular expression R specifies a set of strings formed by characters from an alphabet Σ combined
with concatenation (), union (|), and Kleene star (∗) operators. For example, (a|(b a))∗ describes
the set of strings of as and bs such that every b is followed by an a (by convention will we often
omit the  in the rest of the paper).
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<latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit>
a
<latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit>
a
<latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit>
a
<latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit>
a
<latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq 3CiJo01XnPJUWogoA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0KlVPcutm0qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w++j4zV</latexit>
(a)
<latexit sha1_base64="ViTER4vnQ kS23GscKnbkckEBaz0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT0W vHisaGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwb Vz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+ BiMb2b+4xMqzWP5YCYJ+hEdSh5yRo2V7qv0vF+uuDV3DrJKvJxUIEezX/7qDW KWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUP m6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTE EsoUt7cSNqKKMmPTKdkQvOWXV0m7XvMuau5dvdK4zOMowgmcQhU8uIIG3EITW sBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8weEf408</latexit>
a
<latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit>
a
<latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit>
a
<latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit>
b
<latexit sha1_base64="+j8R4BI5yr9BO5sktBhQivJBXR4=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh8 7IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16reVdVtXlfqtTyOIpzBOVyCB zdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AwLuM2A==</latexit>
c
<latexit sha1_base64="reJF7fIRK1L1tE7SseTH9oIFa+s=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2 fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20a1Xvquo2ryv1Wh5HEc7gHC7Bg xuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Awj+M2Q==</latexit>
a
<latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit> a
<latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit>
b
<latexit sha1_base64="+j8R4BI5yr9BO5sktBhQivJBXR4=">AAAB6HicbVBN S8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMS qG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh8 7IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16reVdVtXlfqtTyOIpzBOVyCB zdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AwLuM2A==</latexit>
a
<latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit><latexit sha1_base64="xCYow5BVFq3CiJo01XnPJUWogoA=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FSSItRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0KlVPcutm0qjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w++j4zV</latexit>
a
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Figure 1: (a) The position automaton for a∗a∗a∗a∗. (b) The position automaton for a(a∗)(aba)∗(b|c).
Given a regular expression R and a string Q, the regular expression matching problem is to
decide if Q matches any of the strings specified by R. This problem is a key computational primitive
in a wide variety software tools and applications. Standard tools such as grep and sed provide
direct support for regular expression matching in files, and the scripting language perl [37] is
a full programming language designed to easily support regular expression matching. Regular
expression matching appears in many large scale data processing applications such as internet traffic
analysis [24,26,41], data mining [15], data bases [27,30], computational biology [32], and human
computer interaction [25].
To state the existing bounds, let n and m denote the length of the string and the regular
expression. A classic textbook solution, due to Thompson [35], constructs and simulates a non-
deterministic finite automaton (NFA) in O(nm) time. Several faster algorithms speed up the
simulation by logarithmic factors [5,6, 7,31], but by a recent conditional lower bound by Backurs
and Indyk [3] we cannot hope to achieve Ω((nm)1−) time assuming the strong exponential time
hypothesis. Hence, a natural question is if we can improve the time bound when the state-set
simulation is sparse, i.e., the total number of active states is o(nm).
Sparsity To measure sparsity, we focus on the simulation of the classic position automaton due
to Glushkov [17] from 1961. The position automaton, denoted APos, is a non-deterministic finite
automaton (NFA) consisting of m + 1 states and O(m2) transitions (see Figure 1). Each state
except the start state corresponds to a character symbol (called a position) in R. The position
automaton is an -free NFA since it contains no transitions labeled by the empty string. Intuitively,
each state-set is the positions in R that correspond to a match of a prefix of Q.
We define the density of the instance, denoted ∆R,Q, to be the total number of active states
during a simulation of APos of R on Q. When R and Q are clear from the context we will just
write ∆. The density is always at most nm+ 1, but is likely significant smaller for many practical
scenarios. The states in APos are a natural subset of most other NFA constructions, including
Thompson’s automaton used in the fastest known algorithms for the problem, and hence ∆ is a
lower bound for the number of active states during a simulation of such NFAs.
1.2 Results
We present the first algorithm to efficiently take advantage of sparsity in regular expression matching.
We obtain the following bound:
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Theorem 1 Given a regular expression R with m positions and a string Q of length n, we can
solve the regular expression matching problem in space O(m) and time
O
(
∆ log log
nm
∆
+ n+m
)
.
Compared to previous results, we essentially replace the nm bound by ∆ (ignoring polylogarithmic
factors). Note that the bound is always O(∆ log log nm∆ + n + m) = O(nm) and whenever ∆ =
o(nm log logn
log1.5 n
) we improve the currently fastest known time bound.
The key component in Theorem 1 is a new compact representation of the position automaton
that supports efficient state-set transitions, that is, given a set of states S and a character α, compute
the set of states, denoted δ(S, α), reachable from S via transitions labeled α. Existing polynomial
space solutions to this problem use either O(|S||δ(S, α)|) or near linear time in m (see related work).
We give a new representation that achieves the following bound:
Theorem 2 Given a regular expression R with m positions, we can represent the position automaton
in O(m) space and preprocessing time, such that given any set of states S in sorted order and a
character α, we can compute the state-set transition δ(S, α) in time
O
(
|S| log log m|S| + |δ(S, α)|
)
.
The sorted order of S in Theorem 2 refers to the ordering of the corresponding positions in R from
left-to-right. Hence we improve the ”rectangular” O(|S||δ(S, α)|) time bound to an almost linear
bound. By simulating the position automaton for R with Theorem 2 on the string Q we directly
obtain Theorem 1.
To achieve our bounds we develop several interesting techniques of independent interest, including
a novel decomposition of state-set transitions from the structure of the parse tree of the regular
expression, and a reduction for efficiently computing batched predecessors using any (non-batched)
predecessor data structure as a black box.
1.3 Related Work
Several representations of APos that support computing state-set transitions are known. A direct
approach is to explicitly store for each state s and character α the singleton state-sets δ(s, α) of
states reachable from s labeled α. To implement a state-set transition δ(S, α), we compute the union⋃
s∈S δAPos(s, α) in O(|S||δ(S, α)|) time. With perfect hashing to store the singleton state-sets [13]
this leads to a solution using O(m2) space and O(|S||δ(S, α)|) time. Note that in general the
singleton state-set transitions are not disjoint and hence their total size may be Ω(|S||δAPos(S, α)|).
Several closely related -free NFAs construction exists, see e.g. [1, 8, 23, 29]. These constructions
can be obtained by merging states of the position automaton according to properties of the regular
expression. However, in the worst-case these NFAs do not improve the above bounds.
Hromkovic et al. [21] (see also later extensions and improvements [16, 19, 34]) showed that it
is possible to improve the O(m2) bound on the size of -free NFA and presented the common
follow sets automaton, ACFS, with O(m) states and O(m log
2m) transitions. While their paper does
not explicitly consider state-set transitions, we can use the above approach for APos to obtain a
representation that uses O(m log2m) space and supports state-set transitions δACFS(S, α) on ACFS in
O(|S||δACFS(S, α)|) time. Note that states in APos may correspond to multiple states in the ACFS and
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hence this bound is incomparable to the above bound for state-set transitions in APos. Hromkovic
et al. [21] also gave a lower bound showing that -free NFAs in general have size Ω(m logm).
Alternatively, we can construct Thompson’s NFA, AT, for R that consists of O(m) states and
transitions (including several -transitions). Each position in R corresponds to a single state in
AT and hence we can always map any state-set in AT to a corresponding state-set in APos. To
implement a state-set transition δAT(S, α) we traverse the graph from S (e.g. using breadth-first
search) to find all states from S reachable via a path that contain a single α-transition and any
number of -transitions. This leads to a solution using O(m) space and O(m) time for state-set
transitions in both Thompson’s NFA and the corresponding state-set transition in the position
automaton. In general, we may have to traverse large subgraphs of size Ω(m) of -transitions even
if the input and output sets are sparse. With more advanced tabulation or word-level parallelism
techniques [5, 6, 7, 31] this bound can be improved to O(m/w) on a standard unit-cost word RAM
model of computation with logarithmic word size w. All of the above results and ours hold in this
model.
A related construction, by Chang and Paige [9], considered compact representations of the
position automaton that supports efficiently implementing NFA to DFA conversion by subset
construction. They presented a linear space representation that supports efficiently computing the
set of states S′ reachable via any character from a state-set S in time O(|S| + |S′|). Note that
this does not imply an efficient representation for computing state-set transitions since S′ can be
significantly larger than δ(S, α). Another related result by Groz and Maneth [18] considered the
special case of deterministic position automata, that is, position automata that are always in a
single state in any state-set simulation and where state-set transitions always map singleton state-set
to singleton state-set. They present a linear space representation that supports these restricted
singleton state-set transition computations in O(log logm) time. Theorem 2 captures this result as
a special case (i.e., when |S| = |δ(S, α)| = 1) and generalizes it to all position automata.
We note that some regular expression matching algorithms achieves improved bounds for special
or restricted cases of regular expressions, see e.g., [3, 7]. These algorithms take advantage of the
structure of the regular expression, whereas our algorithm takes advantage of the sparsity of the
instance that depends on the interplay between the regular expression and the string.
2 Regular Expressions and Automata
We consider the non-empty regular expressions over an alphabet Σ, i.e., a regular expression R is
built from the empty string  and the characters in Σ using concatenation , union |, and star ∗.
The language defined by R is denoted L(R). When writing regular expressions we often omit .
We identify a regular expression R by its parse tree (see Figure 2(a)). The set of positions,
denoted Pos(R), are the leaves of R, and the label of a position p, denoted label(p), is the character
corresponding to position p. The subset of positions labeled α are denoted Posα(R). We call the
three types of internal nodes -nodes, ∗-nodes, and |-nodes. For a |-node or -node v the left and
right child are denoted left(v) and right(v), respectively, and for a ∗-node the single child is denoted
left(v).
A string Q ∈ L(R) corresponds to one or more sequences of positions such that the concatenation
of the labels in the sequence is Q. The set first(R) is the set of positions that occur as the first
position in a sequence for some string in L(R). Similarly, the set last(R) is the set of positions
that occur as the set of last position in a sequence for some string in L(R). The set follow(R, p)
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 
<latexit sha1_base64="hf4FI+Q3xw5AN9LocCmV/nHsnu8=">AAAB7HicbZBN S8NAEIYn9avWr6pHL8EieCqJCHosePFYwbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTuVjc2t7Z3qbm1v/+DwqH580jEq15QFVAm lexExTHDJAuQoWC/TjKSRYN1ocjevd5+YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ftehmFBNHIq2Kw2yA3LCJ2QEetblCRlJi wWy87cC+vEbqK0fRLdhft7oiCpMdM0sp0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafGo2BH/15HXoXDV9yw/XjdZ1GUcVzuAcL sGHG2jBPbQhAAocnuEV3hzpvDjvzseyteKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw5AN9LocCmV/nHsnu8=">AAAB7HicbZBN S8NAEIYn9avWr6pHL8EieCqJCHosePFYwbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTuVjc2t7Z3qbm1v/+DwqH580jEq15QFVAm lexExTHDJAuQoWC/TjKSRYN1ocjevd5+YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ftehmFBNHIq2Kw2yA3LCJ2QEetblCRlJi wWy87cC+vEbqK0fRLdhft7oiCpMdM0sp0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafGo2BH/15HXoXDV9yw/XjdZ1GUcVzuAcL sGHG2jBPbQhAAocnuEV3hzpvDjvzseyteKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw5AN9LocCmV/nHsnu8=">AAAB7HicbZBN S8NAEIYn9avWr6pHL8EieCqJCHosePFYwbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTuVjc2t7Z3qbm1v/+DwqH580jEq15QFVAm lexExTHDJAuQoWC/TjKSRYN1ocjevd5+YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ftehmFBNHIq2Kw2yA3LCJ2QEetblCRlJi wWy87cC+vEbqK0fRLdhft7oiCpMdM0sp0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafGo2BH/15HXoXDV9yw/XjdZ1GUcVzuAcL sGHG2jBPbQhAAocnuEV3hzpvDjvzseyteKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw5AN9LocCmV/nHsnu8=">AAAB7HicbZBN S8NAEIYn9avWr6pHL8EieCqJCHosePFYwbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTuVjc2t7Z3qbm1v/+DwqH580jEq15QFVAm lexExTHDJAuQoWC/TjKSRYN1ocjevd5+YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ftehmFBNHIq2Kw2yA3LCJ2QEetblCRlJi wWy87cC+vEbqK0fRLdhft7oiCpMdM0sp0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafGo2BH/15HXoXDV9yw/XjdZ1GUcVzuAcL sGHG2jBPbQhAAocnuEV3hzpvDjvzseyteKUM6fwR87nD+cqjrA=</latexit>
 
<latexit sha1_base64="hf4FI+Q3xw5AN9LocCmV/nHsnu8=">AAAB7HicbZBN S8NAEIYn9avWr6pHL8EieCqJCHosePFYwbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTuVjc2t7Z3qbm1v/+DwqH580jEq15QFVAm lexExTHDJAuQoWC/TjKSRYN1ocjevd5+YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ftehmFBNHIq2Kw2yA3LCJ2QEetblCRlJi wWy87cC+vEbqK0fRLdhft7oiCpMdM0sp0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafGo2BH/15HXoXDV9yw/XjdZ1GUcVzuAcL sGHG2jBPbQhAAocnuEV3hzpvDjvzseyteKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw5AN9LocCmV/nHsnu8=">AAAB7HicbZBN S8NAEIYn9avWr6pHL8EieCqJCHosePFYwbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTuVjc2t7Z3qbm1v/+DwqH580jEq15QFVAm lexExTHDJAuQoWC/TjKSRYN1ocjevd5+YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ftehmFBNHIq2Kw2yA3LCJ2QEetblCRlJi wWy87cC+vEbqK0fRLdhft7oiCpMdM0sp0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafGo2BH/15HXoXDV9yw/XjdZ1GUcVzuAcL sGHG2jBPbQhAAocnuEV3hzpvDjvzseyteKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw5AN9LocCmV/nHsnu8=">AAAB7HicbZBN S8NAEIYn9avWr6pHL8EieCqJCHosePFYwbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTuVjc2t7Z3qbm1v/+DwqH580jEq15QFVAm lexExTHDJAuQoWC/TjKSRYN1ocjevd5+YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ftehmFBNHIq2Kw2yA3LCJ2QEetblCRlJi wWy87cC+vEbqK0fRLdhft7oiCpMdM0sp0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafGo2BH/15HXoXDV9yw/XjdZ1GUcVzuAcL sGHG2jBPbQhAAocnuEV3hzpvDjvzseyteKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw5AN9LocCmV/nHsnu8=">AAAB7HicbZBN S8NAEIYn9avWr6pHL8EieCqJCHosePFYwbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTuVjc2t7Z3qbm1v/+DwqH580jEq15QFVAm lexExTHDJAuQoWC/TjKSRYN1ocjevd5+YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ftehmFBNHIq2Kw2yA3LCJ2QEetblCRlJi wWy87cC+vEbqK0fRLdhft7oiCpMdM0sp0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafGo2BH/15HXoXDV9yw/XjdZ1GUcVzuAcL sGHG2jBPbQhAAocnuEV3hzpvDjvzseyteKUM6fwR87nD+cqjrA=</latexit>
|
<latexit sha1_base64="YL4rWaB3wCpeqPEXmefuNPpoPjU=">AAAB63icbZDL SgMxFIZP6q3WW9Wlm2ARXJUZEXRZcOOygr1AO5RMJtOGJpkhyQhl6Cu4caGIW1/InW9jpp2Ftv4Q+PjPOeScP0wFN9bzvlFlY3Nre6e6W9vbPzg8qh+fdE2Saco6NBG J7ofEMMEV61huBeunmhEZCtYLp3dFvffEtOGJerSzlAWSjBWPOSW2sIaSR6N6w2t6C+F18EtoQKn2qP41jBKaSaYsFcSYge+lNsiJtpwKNq8NM8NSQqdkzAYOFZHMBP li1zm+cE6E40S7pyxeuL8nciKNmcnQdUpiJ2a1Vpj/1QaZjW+DnKs0s0zR5UdxJrBNcHE4jrhm1IqZA0I1d7tiOiGaUOviqbkQ/NWT16F71fQdP1w3WtdlHFU4g3O4B B9uoAX30IYOUJjAM7zCG5LoBb2jj2VrBZUzp/BH6PMHBLOOKg==</latexit><latexit sha1_base64="YL4rWaB3wCpeqPEXmefuNPpoPjU=">AAAB63icbZDL SgMxFIZP6q3WW9Wlm2ARXJUZEXRZcOOygr1AO5RMJtOGJpkhyQhl6Cu4caGIW1/InW9jpp2Ftv4Q+PjPOeScP0wFN9bzvlFlY3Nre6e6W9vbPzg8qh+fdE2Saco6NBG J7ofEMMEV61huBeunmhEZCtYLp3dFvffEtOGJerSzlAWSjBWPOSW2sIaSR6N6w2t6C+F18EtoQKn2qP41jBKaSaYsFcSYge+lNsiJtpwKNq8NM8NSQqdkzAYOFZHMBP li1zm+cE6E40S7pyxeuL8nciKNmcnQdUpiJ2a1Vpj/1QaZjW+DnKs0s0zR5UdxJrBNcHE4jrhm1IqZA0I1d7tiOiGaUOviqbkQ/NWT16F71fQdP1w3WtdlHFU4g3O4B B9uoAX30IYOUJjAM7zCG5LoBb2jj2VrBZUzp/BH6PMHBLOOKg==</latexit><latexit sha1_base64="YL4rWaB3wCpeqPEXmefuNPpoPjU=">AAAB63icbZDL SgMxFIZP6q3WW9Wlm2ARXJUZEXRZcOOygr1AO5RMJtOGJpkhyQhl6Cu4caGIW1/InW9jpp2Ftv4Q+PjPOeScP0wFN9bzvlFlY3Nre6e6W9vbPzg8qh+fdE2Saco6NBG J7ofEMMEV61huBeunmhEZCtYLp3dFvffEtOGJerSzlAWSjBWPOSW2sIaSR6N6w2t6C+F18EtoQKn2qP41jBKaSaYsFcSYge+lNsiJtpwKNq8NM8NSQqdkzAYOFZHMBP li1zm+cE6E40S7pyxeuL8nciKNmcnQdUpiJ2a1Vpj/1QaZjW+DnKs0s0zR5UdxJrBNcHE4jrhm1IqZA0I1d7tiOiGaUOviqbkQ/NWT16F71fQdP1w3WtdlHFU4g3O4B B9uoAX30IYOUJjAM7zCG5LoBb2jj2VrBZUzp/BH6PMHBLOOKg==</latexit><latexit sha1_base64="YL4rWaB3wCpeqPEXmefuNPpoPjU=">AAAB63icbZDL SgMxFIZP6q3WW9Wlm2ARXJUZEXRZcOOygr1AO5RMJtOGJpkhyQhl6Cu4caGIW1/InW9jpp2Ftv4Q+PjPOeScP0wFN9bzvlFlY3Nre6e6W9vbPzg8qh+fdE2Saco6NBG J7ofEMMEV61huBeunmhEZCtYLp3dFvffEtOGJerSzlAWSjBWPOSW2sIaSR6N6w2t6C+F18EtoQKn2qP41jBKaSaYsFcSYge+lNsiJtpwKNq8NM8NSQqdkzAYOFZHMBP li1zm+cE6E40S7pyxeuL8nciKNmcnQdUpiJ2a1Vpj/1QaZjW+DnKs0s0zR5UdxJrBNcHE4jrhm1IqZA0I1d7tiOiGaUOviqbkQ/NWT16F71fQdP1w3WtdlHFU4g3O4B B9uoAX30IYOUJjAM7zCG5LoBb2jj2VrBZUzp/BH6PMHBLOOKg==</latexit>
⇤<latexit sha1_base64="/SQRcrQmWtX4evaiuYQBxbwShyI=">AAAB63icbZBN SwMxEIZn61etX1WPXoJF8FR2RdBjwYvHCvYD2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315pY3Nre6e8W9nbPzg8qh6ftG2SGcZbLJG J6UbUcik0b6FAybup4VRFkneiyV1e7zxxY0WiH3Ga8lDRkRaxYBRzq08tDqo1v+4vRNYhKKAGhZqD6ld/mLBMcY1MUmt7gZ9iOKMGBZN8XulnlqeUTeiI9xxqqrgNZ4 td5+TCOUMSJ8Y9jWTh/p6YUWXtVEWuU1Ec29Vabv5X62UY34YzodMMuWbLj+JMEkxIfjgZCsMZyqkDyoxwuxI2poYydPFUXAjB6snr0L6qB44frmuN6yKOMpzBOVxCA DfQgHtoQgsYjOEZXuHNU96L9+59LFtLXjFzCn/kff4AGd2OOA==</latexit><latexit sha1_base64="/SQRcrQmWtX4evaiuYQBxbwShyI=">AAAB63icbZBN SwMxEIZn61etX1WPXoJF8FR2RdBjwYvHCvYD2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315pY3Nre6e8W9nbPzg8qh6ftG2SGcZbLJG J6UbUcik0b6FAybup4VRFkneiyV1e7zxxY0WiH3Ga8lDRkRaxYBRzq08tDqo1v+4vRNYhKKAGhZqD6ld/mLBMcY1MUmt7gZ9iOKMGBZN8XulnlqeUTeiI9xxqqrgNZ4 td5+TCOUMSJ8Y9jWTh/p6YUWXtVEWuU1Ec29Vabv5X62UY34YzodMMuWbLj+JMEkxIfjgZCsMZyqkDyoxwuxI2poYydPFUXAjB6snr0L6qB44frmuN6yKOMpzBOVxCA DfQgHtoQgsYjOEZXuHNU96L9+59LFtLXjFzCn/kff4AGd2OOA==</latexit><latexit sha1_base64="/SQRcrQmWtX4evaiuYQBxbwShyI=">AAAB63icbZBN SwMxEIZn61etX1WPXoJF8FR2RdBjwYvHCvYD2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315pY3Nre6e8W9nbPzg8qh6ftG2SGcZbLJG J6UbUcik0b6FAybup4VRFkneiyV1e7zxxY0WiH3Ga8lDRkRaxYBRzq08tDqo1v+4vRNYhKKAGhZqD6ld/mLBMcY1MUmt7gZ9iOKMGBZN8XulnlqeUTeiI9xxqqrgNZ4 td5+TCOUMSJ8Y9jWTh/p6YUWXtVEWuU1Ec29Vabv5X62UY34YzodMMuWbLj+JMEkxIfjgZCsMZyqkDyoxwuxI2poYydPFUXAjB6snr0L6qB44frmuN6yKOMpzBOVxCA DfQgHtoQgsYjOEZXuHNU96L9+59LFtLXjFzCn/kff4AGd2OOA==</latexit><latexit sha1_base64="/SQRcrQmWtX4evaiuYQBxbwShyI=">AAAB63icbZBN SwMxEIZn61etX1WPXoJF8FR2RdBjwYvHCvYD2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315pY3Nre6e8W9nbPzg8qh6ftG2SGcZbLJG J6UbUcik0b6FAybup4VRFkneiyV1e7zxxY0WiH3Ga8lDRkRaxYBRzq08tDqo1v+4vRNYhKKAGhZqD6ld/mLBMcY1MUmt7gZ9iOKMGBZN8XulnlqeUTeiI9xxqqrgNZ4 td5+TCOUMSJ8Y9jWTh/p6YUWXtVEWuU1Ec29Vabv5X62UY34YzodMMuWbLj+JMEkxIfjgZCsMZyqkDyoxwuxI2poYydPFUXAjB6snr0L6qB44frmuN6yKOMpzBOVxCA DfQgHtoQgsYjOEZXuHNU96L9+59LFtLXjFzCn/kff4AGd2OOA==</latexit>
a
<latexit sha1_base64="BqxKyohfuZK4UkYEG9pGCIF/PpM=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0LmpepZbtUqjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w+/KYzX</latexit><latexit sha1_base64="BqxKyohfuZK4UkYEG9pGCIF/PpM=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0LmpepZbtUqjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w+/KYzX</latexit><latexit sha1_base64="BqxKyohfuZK4UkYEG9pGCIF/PpM=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0LmpepZbtUqjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w+/KYzX</latexit><latexit sha1_base64="BqxKyohfuZK4UkYEG9pGCIF/PpM=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0 Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbAje+smb0LmpepZbtUqjlsdRhAu4hGvwo A4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8EfO5w+/KYzX</latexit>
b
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 
<latexit sha1_base64="hf4FI+Q3xw5AN9LocCmV/nHsnu8=">AAAB7HicbZBN S8NAEIYn9avWr6pHL8EieCqJCHosePFYwbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTuVjc2t7Z3qbm1v/+DwqH580jEq15QFVAm lexExTHDJAuQoWC/TjKSRYN1ocjevd5+YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ftehmFBNHIq2Kw2yA3LCJ2QEetblCRlJi wWy87cC+vEbqK0fRLdhft7oiCpMdM0sp0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafGo2BH/15HXoXDV9yw/XjdZ1GUcVzuAcL sGHG2jBPbQhAAocnuEV3hzpvDjvzseyteKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw5AN9LocCmV/nHsnu8=">AAAB7HicbZBN S8NAEIYn9avWr6pHL8EieCqJCHosePFYwbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTuVjc2t7Z3qbm1v/+DwqH580jEq15QFVAm lexExTHDJAuQoWC/TjKSRYN1ocjevd5+YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ftehmFBNHIq2Kw2yA3LCJ2QEetblCRlJi wWy87cC+vEbqK0fRLdhft7oiCpMdM0sp0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafGo2BH/15HXoXDV9yw/XjdZ1GUcVzuAcL sGHG2jBPbQhAAocnuEV3hzpvDjvzseyteKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw5AN9LocCmV/nHsnu8=">AAAB7HicbZBN S8NAEIYn9avWr6pHL8EieCqJCHosePFYwbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTuVjc2t7Z3qbm1v/+DwqH580jEq15QFVAm lexExTHDJAuQoWC/TjKSRYN1ocjevd5+YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ftehmFBNHIq2Kw2yA3LCJ2QEetblCRlJi wWy87cC+vEbqK0fRLdhft7oiCpMdM0sp0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafGo2BH/15HXoXDV9yw/XjdZ1GUcVzuAcL sGHG2jBPbQhAAocnuEV3hzpvDjvzseyteKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw5AN9LocCmV/nHsnu8=">AAAB7HicbZBN S8NAEIYn9avWr6pHL8EieCqJCHosePFYwbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTuVjc2t7Z3qbm1v/+DwqH580jEq15QFVAm lexExTHDJAuQoWC/TjKSRYN1ocjevd5+YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ftehmFBNHIq2Kw2yA3LCJ2QEetblCRlJi wWy87cC+vEbqK0fRLdhft7oiCpMdM0sp0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafGo2BH/15HXoXDV9yw/XjdZ1GUcVzuAcL sGHG2jBPbQhAAocnuEV3hzpvDjvzseyteKUM6fwR87nD+cqjrA=</latexit>
b
<latexit sha1_base64="AeMJS4Zve980dZjymK/2xpflTW4=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWq1gWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlo vOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJb/2MyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3apVGLY+jCBdwCdfgQ R0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/ArYzY</latexit><latexit sha1_base64="AeMJS4Zve980dZjymK/2xpflTW4=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWq1gWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlo vOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJb/2MyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3apVGLY+jCBdwCdfgQ R0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/ArYzY</latexit><latexit sha1_base64="AeMJS4Zve980dZjymK/2xpflTW4=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWq1gWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlo vOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJb/2MyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3apVGLY+jCBdwCdfgQ R0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/ArYzY</latexit><latexit sha1_base64="AeMJS4Zve980dZjymK/2xpflTW4=">AAAB6HicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWI Rq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDCzBP2IjiUPOaPGWq1gWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYnxM6oMZwLnpUGqMaFsSsfYtyhphNrPlo vOyZV1RiSMlX3SkKX7eyKjkdazKLCdETUTvV5bmP/V+qkJb/2MyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2RC89ZM3oXNT9Sy3apVGLY+jCBdwCdfgQ R0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Y+czx/ArYzY</latexit>
p1
<latexit sha1_base64="zCLnLU08esy4y2JDR3R4aUla7s4=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKeix4MVjRdMW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZKG5tb2zvl3cre/sHhUfX4pG2STDPus0Q muhtSw6VQ3EeBkndTzWkcSt4JJ7fzeueJayMS9YjTlAcxHSkRCUbRWg/pwBtUa27dXYisg1dADQq1BtWv/jBhWcwVMkmN6XluikFONQom+azSzwxPKZvQEe9ZVDTmJs gXq87IhXWGJEq0fQrJwv09kdPYmGkc2s6Y4tis1ubmf7VehtFNkAuVZsgVW34UZZJgQuZ3k6HQnKGcWqBMC7srYWOqKUObTsWG4K2evA7tq7pn+b5RazaKOMpwBudwC R5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+yPn8Afs9jYo=</latexit><latexit sha1_base64="zCLnLU08esy4y2JDR3R4aUla7s4=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKeix4MVjRdMW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZKG5tb2zvl3cre/sHhUfX4pG2STDPus0Q muhtSw6VQ3EeBkndTzWkcSt4JJ7fzeueJayMS9YjTlAcxHSkRCUbRWg/pwBtUa27dXYisg1dADQq1BtWv/jBhWcwVMkmN6XluikFONQom+azSzwxPKZvQEe9ZVDTmJs gXq87IhXWGJEq0fQrJwv09kdPYmGkc2s6Y4tis1ubmf7VehtFNkAuVZsgVW34UZZJgQuZ3k6HQnKGcWqBMC7srYWOqKUObTsWG4K2evA7tq7pn+b5RazaKOMpwBudwC R5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+yPn8Afs9jYo=</latexit><latexit sha1_base64="zCLnLU08esy4y2JDR3R4aUla7s4=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKeix4MVjRdMW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZKG5tb2zvl3cre/sHhUfX4pG2STDPus0Q muhtSw6VQ3EeBkndTzWkcSt4JJ7fzeueJayMS9YjTlAcxHSkRCUbRWg/pwBtUa27dXYisg1dADQq1BtWv/jBhWcwVMkmN6XluikFONQom+azSzwxPKZvQEe9ZVDTmJs gXq87IhXWGJEq0fQrJwv09kdPYmGkc2s6Y4tis1ubmf7VehtFNkAuVZsgVW34UZZJgQuZ3k6HQnKGcWqBMC7srYWOqKUObTsWG4K2evA7tq7pn+b5RazaKOMpwBudwC R5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+yPn8Afs9jYo=</latexit><latexit sha1_base64="zCLnLU08esy4y2JDR3R4aUla7s4=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKeix4MVjRdMW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZKG5tb2zvl3cre/sHhUfX4pG2STDPus0Q muhtSw6VQ3EeBkndTzWkcSt4JJ7fzeueJayMS9YjTlAcxHSkRCUbRWg/pwBtUa27dXYisg1dADQq1BtWv/jBhWcwVMkmN6XluikFONQom+azSzwxPKZvQEe9ZVDTmJs gXq87IhXWGJEq0fQrJwv09kdPYmGkc2s6Y4tis1ubmf7VehtFNkAuVZsgVW34UZZJgQuZ3k6HQnKGcWqBMC7srYWOqKUObTsWG4K2evA7tq7pn+b5RazaKOMpwBudwC R5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+yPn8Afs9jYo=</latexit>
p2
<latexit sha1_base64="yeKJFrsXU80HnFxHI2dtmAju3PM=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FSSUqjHghePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0UtrZ3dveK+6WDw6Pjk/LpWcfEqWa8zWI Z615ADZdC8TYKlLyXaE6jQPJuML1d1LtPXBsRq0ecJdyP6FiJUDCK1npIhrVhueJW3aXIJng5VCBXa1j+GoxilkZcIZPUmL7nJuhnVKNgks9Lg9TwhLIpHfO+RUUjbv xsueqcXFlnRMJY26eQLN3fExmNjJlFge2MKE7Mem1h/lfrpxje+JlQSYpcsdVHYSoJxmRxNxkJzRnKmQXKtLC7EjahmjK06ZRsCN76yZvQqVU9y/f1SrOex1GEC7iEa /CgAU24gxa0gcEYnuEV3hzpvDjvzseqteDkM+fwR87nD/zBjYs=</latexit><latexit sha1_base64="yeKJFrsXU80HnFxHI2dtmAju3PM=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FSSUqjHghePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0UtrZ3dveK+6WDw6Pjk/LpWcfEqWa8zWI Z615ADZdC8TYKlLyXaE6jQPJuML1d1LtPXBsRq0ecJdyP6FiJUDCK1npIhrVhueJW3aXIJng5VCBXa1j+GoxilkZcIZPUmL7nJuhnVKNgks9Lg9TwhLIpHfO+RUUjbv xsueqcXFlnRMJY26eQLN3fExmNjJlFge2MKE7Mem1h/lfrpxje+JlQSYpcsdVHYSoJxmRxNxkJzRnKmQXKtLC7EjahmjK06ZRsCN76yZvQqVU9y/f1SrOex1GEC7iEa /CgAU24gxa0gcEYnuEV3hzpvDjvzseqteDkM+fwR87nD/zBjYs=</latexit><latexit sha1_base64="yeKJFrsXU80HnFxHI2dtmAju3PM=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FSSUqjHghePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0UtrZ3dveK+6WDw6Pjk/LpWcfEqWa8zWI Z615ADZdC8TYKlLyXaE6jQPJuML1d1LtPXBsRq0ecJdyP6FiJUDCK1npIhrVhueJW3aXIJng5VCBXa1j+GoxilkZcIZPUmL7nJuhnVKNgks9Lg9TwhLIpHfO+RUUjbv xsueqcXFlnRMJY26eQLN3fExmNjJlFge2MKE7Mem1h/lfrpxje+JlQSYpcsdVHYSoJxmRxNxkJzRnKmQXKtLC7EjahmjK06ZRsCN76yZvQqVU9y/f1SrOex1GEC7iEa /CgAU24gxa0gcEYnuEV3hzpvDjvzseqteDkM+fwR87nD/zBjYs=</latexit><latexit sha1_base64="yeKJFrsXU80HnFxHI2dtmAju3PM=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FSSUqjHghePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0UtrZ3dveK+6WDw6Pjk/LpWcfEqWa8zWI Z615ADZdC8TYKlLyXaE6jQPJuML1d1LtPXBsRq0ecJdyP6FiJUDCK1npIhrVhueJW3aXIJng5VCBXa1j+GoxilkZcIZPUmL7nJuhnVKNgks9Lg9TwhLIpHfO+RUUjbv xsueqcXFlnRMJY26eQLN3fExmNjJlFge2MKE7Mem1h/lfrpxje+JlQSYpcsdVHYSoJxmRxNxkJzRnKmQXKtLC7EjahmjK06ZRsCN76yZvQqVU9y/f1SrOex1GEC7iEa /CgAU24gxa0gcEYnuEV3hzpvDjvzseqteDkM+fwR87nD/zBjYs=</latexit>
p3
<latexit sha1_base64="nvPCcyEqGvc65FiwQU/FSYSOLws=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSLdRjwYvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrG MdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz0kg+tBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbv xsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lu9rlUYtj6MIZ3AOl +BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPH/5FjYw=</latexit><latexit sha1_base64="nvPCcyEqGvc65FiwQU/FSYSOLws=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSLdRjwYvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrG MdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz0kg+tBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbv xsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lu9rlUYtj6MIZ3AOl +BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPH/5FjYw=</latexit><latexit sha1_base64="nvPCcyEqGvc65FiwQU/FSYSOLws=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSLdRjwYvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrG MdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz0kg+tBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbv xsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lu9rlUYtj6MIZ3AOl +BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPH/5FjYw=</latexit><latexit sha1_base64="nvPCcyEqGvc65FiwQU/FSYSOLws=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSLdRjwYvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrG MdTeghkuheAsFSt5NNKdRIHknmNzO650nro2I1SNOE+5HdKREKBhFaz0kg+tBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbv xsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lu9rlUYtj6MIZ3AOl +BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPH/5FjYw=</latexit>
p4
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v3
<latexit sha1_base64="NgrFx/JBikjR0a7O+X3fJ8RkpEU=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aRdutmE3U2hhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLG IVSegGgWX2DTcCOwkCmkUCGwH47t5vT1BpXksn8w0QT+iQ8lDzqix1uOkf90vV9yquxBZBy+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xalDRC7W eLVWfkwjoDEsbKPmnIwv09kdFI62kU2M6ImpFerc3N/2rd1IS3fsZlkhqUbPlRmApiYjK/mwy4QmbE1AJlittdCRtRRZmx6ZRsCN7qyevQuqp6lh9qlXotj6MIZ3AOl +DBDdThHhrQBAZDeIZXeHOE8+K8Ox/L1oKTz5zCHzmfPwd4jZI=</latexit><latexit sha1_base64="NgrFx/JBikjR0a7O+X3fJ8RkpEU=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aRdutmE3U2hhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLG IVSegGgWX2DTcCOwkCmkUCGwH47t5vT1BpXksn8w0QT+iQ8lDzqix1uOkf90vV9yquxBZBy+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xalDRC7W eLVWfkwjoDEsbKPmnIwv09kdFI62kU2M6ImpFerc3N/2rd1IS3fsZlkhqUbPlRmApiYjK/mwy4QmbE1AJlittdCRtRRZmx6ZRsCN7qyevQuqp6lh9qlXotj6MIZ3AOl +DBDdThHhrQBAZDeIZXeHOE8+K8Ox/L1oKTz5zCHzmfPwd4jZI=</latexit><latexit sha1_base64="NgrFx/JBikjR0a7O+X3fJ8RkpEU=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aRdutmE3U2hhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLG IVSegGgWX2DTcCOwkCmkUCGwH47t5vT1BpXksn8w0QT+iQ8lDzqix1uOkf90vV9yquxBZBy+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xalDRC7W eLVWfkwjoDEsbKPmnIwv09kdFI62kU2M6ImpFerc3N/2rd1IS3fsZlkhqUbPlRmApiYjK/mwy4QmbE1AJlittdCRtRRZmx6ZRsCN7qyevQuqp6lh9qlXotj6MIZ3AOl +DBDdThHhrQBAZDeIZXeHOE8+K8Ox/L1oKTz5zCHzmfPwd4jZI=</latexit><latexit sha1_base64="NgrFx/JBikjR0a7O+X3fJ8RkpEU=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aRdutmE3U2hhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLG IVSegGgWX2DTcCOwkCmkUCGwH47t5vT1BpXksn8w0QT+iQ8lDzqix1uOkf90vV9yquxBZBy+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xalDRC7W eLVWfkwjoDEsbKPmnIwv09kdFI62kU2M6ImpFerc3N/2rd1IS3fsZlkhqUbPlRmApiYjK/mwy4QmbE1AJlittdCRtRRZmx6ZRsCN7qyevQuqp6lh9qlXotj6MIZ3AOl +DBDdThHhrQBAZDeIZXeHOE8+K8Ox/L1oKTz5zCHzmfPwd4jZI=</latexit>
v4
<latexit sha1_base64="E5MD5XnKqUKA3DFEtVnKahAFYqU=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWI Rq25ANQousWW4EdhNFNIoENgJJneLemeKSvNYPplZgn5ER5KHnFFjrcfpoDYoV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgfNSP9WYUDahI+xZlDRC7W fLVefkyjpDEsbKPmnI0v09kdFI61kU2M6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6ZRsCN76yZvQvql6lh9qlUYtj6MIF3AJ1 +BBHRpwD01oAYMRPMMrvDnCeXHenY9Va8HJZ87hj5zPHwj8jZM=</latexit><latexit sha1_base64="E5MD5XnKqUKA3DFEtVnKahAFYqU=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWI Rq25ANQousWW4EdhNFNIoENgJJneLemeKSvNYPplZgn5ER5KHnFFjrcfpoDYoV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgfNSP9WYUDahI+xZlDRC7W fLVefkyjpDEsbKPmnI0v09kdFI61kU2M6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6ZRsCN76yZvQvql6lh9qlUYtj6MIF3AJ1 +BBHRpwD01oAYMRPMMrvDnCeXHenY9Va8HJZ87hj5zPHwj8jZM=</latexit><latexit sha1_base64="E5MD5XnKqUKA3DFEtVnKahAFYqU=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWI Rq25ANQousWW4EdhNFNIoENgJJneLemeKSvNYPplZgn5ER5KHnFFjrcfpoDYoV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgfNSP9WYUDahI+xZlDRC7W fLVefkyjpDEsbKPmnI0v09kdFI61kU2M6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6ZRsCN76yZvQvql6lh9qlUYtj6MIF3AJ1 +BBHRpwD01oAYMRPMMrvDnCeXHenY9Va8HJZ87hj5zPHwj8jZM=</latexit><latexit sha1_base64="E5MD5XnKqUKA3DFEtVnKahAFYqU=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWI Rq25ANQousWW4EdhNFNIoENgJJneLemeKSvNYPplZgn5ER5KHnFFjrcfpoDYoV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgfNSP9WYUDahI+xZlDRC7W fLVefkyjpDEsbKPmnI0v09kdFI61kU2M6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6ZRsCN76yZvQvql6lh9qlUYtj6MIF3AJ1 +BBHRpwD01oAYMRPMMrvDnCeXHenY9Va8HJZ87hj5zPHwj8jZM=</latexit>
v5
<latexit sha1_base64="VQxAmSG0x76mrnVl0gLd2vw7WU4=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSqeix4MVjRfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLG MdSeghkuheBMFSt5JNKdRIHk7GN/N6+0J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgks9KvdTwhLIxHfKuRUUjbv xsseqMXFhnQMJY26eQLNzfExmNjJlGge2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06ZRsCN7qyevQuqp6lh9qlXotj6MIZ3AOl +DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwqAjZQ=</latexit><latexit sha1_base64="VQxAmSG0x76mrnVl0gLd2vw7WU4=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSqeix4MVjRfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLG MdSeghkuheBMFSt5JNKdRIHk7GN/N6+0J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgks9KvdTwhLIxHfKuRUUjbv xsseqMXFhnQMJY26eQLNzfExmNjJlGge2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06ZRsCN7qyevQuqp6lh9qlXotj6MIZ3AOl +DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwqAjZQ=</latexit><latexit sha1_base64="VQxAmSG0x76mrnVl0gLd2vw7WU4=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSqeix4MVjRfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLG MdSeghkuheBMFSt5JNKdRIHk7GN/N6+0J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgks9KvdTwhLIxHfKuRUUjbv xsseqMXFhnQMJY26eQLNzfExmNjJlGge2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06ZRsCN7qyevQuqp6lh9qlXotj6MIZ3AOl +DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwqAjZQ=</latexit><latexit sha1_base64="VQxAmSG0x76mrnVl0gLd2vw7WU4=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSqeix4MVjRfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLG MdSeghkuheBMFSt5JNKdRIHk7GN/N6+0J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgks9KvdTwhLIxHfKuRUUjbv xsseqMXFhnQMJY26eQLNzfExmNjJlGge2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06ZRsCN7qyevQuqp6lh9qlXotj6MIZ3AOl +DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwqAjZQ=</latexit>
v6
<latexit sha1_base64="9lRhXHumU8cd64o+SoUeHPVUhAA=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKeqx4MVjRfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLG MdSeghkuheBMFSt5JNKdRIHk7GN/N6+0J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgks9KvdTwhLIxHfKuRUUjbv xsseqMXFhnQMJY26eQLNzfExmNjJlGge2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06ZRsCN7qyevQuqp6lh9qlXotj6MIZ3AOl +DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwwEjZU=</latexit><latexit sha1_base64="9lRhXHumU8cd64o+SoUeHPVUhAA=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKeqx4MVjRfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLG MdSeghkuheBMFSt5JNKdRIHk7GN/N6+0J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgks9KvdTwhLIxHfKuRUUjbv xsseqMXFhnQMJY26eQLNzfExmNjJlGge2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06ZRsCN7qyevQuqp6lh9qlXotj6MIZ3AOl +DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwwEjZU=</latexit><latexit sha1_base64="9lRhXHumU8cd64o+SoUeHPVUhAA=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKeqx4MVjRfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLG MdSeghkuheBMFSt5JNKdRIHk7GN/N6+0J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgks9KvdTwhLIxHfKuRUUjbv xsseqMXFhnQMJY26eQLNzfExmNjJlGge2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06ZRsCN7qyevQuqp6lh9qlXotj6MIZ3AOl +DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwwEjZU=</latexit><latexit sha1_base64="9lRhXHumU8cd64o+SoUeHPVUhAA=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKeqx4MVjRfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLG MdSeghkuheBMFSt5JNKdRIHk7GN/N6+0J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgks9KvdTwhLIxHfKuRUUjbv xsseqMXFhnQMJY26eQLNzfExmNjJlGge2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06ZRsCN7qyevQuqp6lh9qlXotj6MIZ3AOl +DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwwEjZU=</latexit>
v7
<latexit sha1_base64="1MCMjfjUoSVMNveGZISQ1VDywII=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWI Rq25ANQousWW4EdhNFNIoENgJJneLemeKSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgfNSP9WYUDahI+xZlDRC7W fLVefkyjpDEsbKPmnI0v09kdFI61kU2M6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6ZRsCN76yZvQvql6lh9qlUYtj6MIF3AJ1 +BBHRpwD01oAYMRPMMrvDnCeXHenY9Va8HJZ87hj5zPHw2IjZY=</latexit><latexit sha1_base64="1MCMjfjUoSVMNveGZISQ1VDywII=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWI Rq25ANQousWW4EdhNFNIoENgJJneLemeKSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgfNSP9WYUDahI+xZlDRC7W fLVefkyjpDEsbKPmnI0v09kdFI61kU2M6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6ZRsCN76yZvQvql6lh9qlUYtj6MIF3AJ1 +BBHRpwD01oAYMRPMMrvDnCeXHenY9Va8HJZ87hj5zPHw2IjZY=</latexit><latexit sha1_base64="1MCMjfjUoSVMNveGZISQ1VDywII=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWI Rq25ANQousWW4EdhNFNIoENgJJneLemeKSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgfNSP9WYUDahI+xZlDRC7W fLVefkyjpDEsbKPmnI0v09kdFI61kU2M6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6ZRsCN76yZvQvql6lh9qlUYtj6MIF3AJ1 +BBHRpwD01oAYMRPMMrvDnCeXHenY9Va8HJZ87hj5zPHw2IjZY=</latexit><latexit sha1_base64="1MCMjfjUoSVMNveGZISQ1VDywII=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWI Rq25ANQousWW4EdhNFNIoENgJJneLemeKSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgfNSP9WYUDahI+xZlDRC7W fLVefkyjpDEsbKPmnI0v09kdFI61kU2M6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6ZRsCN76yZvQvql6lh9qlUYtj6MIF3AJ1 +BBHRpwD01oAYMRPMMrvDnCeXHenY9Va8HJZ87hj5zPHw2IjZY=</latexit>
v8
<latexit sha1_base64="/hlhhf4tO0idjo+5/Aez916xxww=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdhjwYvHivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWI Rq25ANQousWW4EdhNFNIoENgJJneLemeKSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgfNSP9WYUDahI+xZlDRC7W fLVefkyjpDEsbKPmnI0v09kdFI61kU2M6ImrFery3M/2q91IR1P+MySQ1KtvooTAUxMVncTYZcITNiZoEyxe2uhI2poszYdEo2BG/95E1o31Q9yw+1SqOWx1GEC7iEa /DgFhpwD01oAYMRPMMrvDnCeXHenY9Va8HJZ87hj5zPHw8MjZc=</latexit><latexit sha1_base64="/hlhhf4tO0idjo+5/Aez916xxww=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdhjwYvHivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWI Rq25ANQousWW4EdhNFNIoENgJJneLemeKSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgfNSP9WYUDahI+xZlDRC7W fLVefkyjpDEsbKPmnI0v09kdFI61kU2M6ImrFery3M/2q91IR1P+MySQ1KtvooTAUxMVncTYZcITNiZoEyxe2uhI2poszYdEo2BG/95E1o31Q9yw+1SqOWx1GEC7iEa /DgFhpwD01oAYMRPMMrvDnCeXHenY9Va8HJZ87hj5zPHw8MjZc=</latexit><latexit sha1_base64="/hlhhf4tO0idjo+5/Aez916xxww=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdhjwYvHivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWI Rq25ANQousWW4EdhNFNIoENgJJneLemeKSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgfNSP9WYUDahI+xZlDRC7W fLVefkyjpDEsbKPmnI0v09kdFI61kU2M6ImrFery3M/2q91IR1P+MySQ1KtvooTAUxMVncTYZcITNiZoEyxe2uhI2poszYdEo2BG/95E1o31Q9yw+1SqOWx1GEC7iEa /DgFhpwD01oAYMRPMMrvDnCeXHenY9Va8HJZ87hj5zPHw8MjZc=</latexit><latexit sha1_base64="/hlhhf4tO0idjo+5/Aez916xxww=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tF8FQSKdhjwYvHivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWI Rq25ANQousWW4EdhNFNIoENgJJneLemeKSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgfNSP9WYUDahI+xZlDRC7W fLVefkyjpDEsbKPmnI0v09kdFI61kU2M6ImrFery3M/2q91IR1P+MySQ1KtvooTAUxMVncTYZcITNiZoEyxe2uhI2poszYdEo2BG/95E1o31Q9yw+1SqOWx1GEC7iEa /DgFhpwD01oAYMRPMMrvDnCeXHenY9Va8HJZ87hj5zPHw8MjZc=</latexit>
{a}
<latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit>
{a, b}
<latexit sha1_base64="5s52VEFMtsUnZJCEr1GOssWGKAI=">AAAB7nicbZBN S8NAEIYn9avWr6pHL4tF8CAlkYIeC148VrAf0ISy2W7apZtN2J0IJfRHePGgiFd/jzf/jds2B219YeHhnRl25g1TKQy67rdT2tjc2t4p71b29g8Oj6rHJx2TZJrxNkt konshNVwKxdsoUPJeqjmNQ8m74eRuXu8+cW1Eoh5xmvIgpiMlIsEoWqvr5/Qq9GeDas2tuwuRdfAKqEGh1qD65Q8TlsVcIZPUmL7nphjkVKNgks8qfmZ4StmEjnjfoq IxN0G+WHdGLqwzJFGi7VNIFu7viZzGxkzj0HbGFMdmtTY3/6v1M4xug1yoNEOu2PKjKJMEEzK/nQyF5gzl1AJlWthdCRtTTRnahCo2BG/15HXoXNc9yw+NWrNRxFGGM ziHS/DgBppwDy1oA4MJPMMrvDmp8+K8Ox/L1pJTzJzCHzmfPwqZj1E=</latexit><latexit sha1_base64="5s52VEFMtsUnZJCEr1GOssWGKAI=">AAAB7nicbZBN S8NAEIYn9avWr6pHL4tF8CAlkYIeC148VrAf0ISy2W7apZtN2J0IJfRHePGgiFd/jzf/jds2B219YeHhnRl25g1TKQy67rdT2tjc2t4p71b29g8Oj6rHJx2TZJrxNkt konshNVwKxdsoUPJeqjmNQ8m74eRuXu8+cW1Eoh5xmvIgpiMlIsEoWqvr5/Qq9GeDas2tuwuRdfAKqEGh1qD65Q8TlsVcIZPUmL7nphjkVKNgks8qfmZ4StmEjnjfoq IxN0G+WHdGLqwzJFGi7VNIFu7viZzGxkzj0HbGFMdmtTY3/6v1M4xug1yoNEOu2PKjKJMEEzK/nQyF5gzl1AJlWthdCRtTTRnahCo2BG/15HXoXNc9yw+NWrNRxFGGM ziHS/DgBppwDy1oA4MJPMMrvDmp8+K8Ox/L1pJTzJzCHzmfPwqZj1E=</latexit><latexit sha1_base64="5s52VEFMtsUnZJCEr1GOssWGKAI=">AAAB7nicbZBN S8NAEIYn9avWr6pHL4tF8CAlkYIeC148VrAf0ISy2W7apZtN2J0IJfRHePGgiFd/jzf/jds2B219YeHhnRl25g1TKQy67rdT2tjc2t4p71b29g8Oj6rHJx2TZJrxNkt konshNVwKxdsoUPJeqjmNQ8m74eRuXu8+cW1Eoh5xmvIgpiMlIsEoWqvr5/Qq9GeDas2tuwuRdfAKqEGh1qD65Q8TlsVcIZPUmL7nphjkVKNgks8qfmZ4StmEjnjfoq IxN0G+WHdGLqwzJFGi7VNIFu7viZzGxkzj0HbGFMdmtTY3/6v1M4xug1yoNEOu2PKjKJMEEzK/nQyF5gzl1AJlWthdCRtTTRnahCo2BG/15HXoXNc9yw+NWrNRxFGGM ziHS/DgBppwDy1oA4MJPMMrvDmp8+K8Ox/L1pJTzJzCHzmfPwqZj1E=</latexit><latexit sha1_base64="5s52VEFMtsUnZJCEr1GOssWGKAI=">AAAB7nicbZBN S8NAEIYn9avWr6pHL4tF8CAlkYIeC148VrAf0ISy2W7apZtN2J0IJfRHePGgiFd/jzf/jds2B219YeHhnRl25g1TKQy67rdT2tjc2t4p71b29g8Oj6rHJx2TZJrxNkt konshNVwKxdsoUPJeqjmNQ8m74eRuXu8+cW1Eoh5xmvIgpiMlIsEoWqvr5/Qq9GeDas2tuwuRdfAKqEGh1qD65Q8TlsVcIZPUmL7nphjkVKNgks8qfmZ4StmEjnjfoq IxN0G+WHdGLqwzJFGi7VNIFu7viZzGxkzj0HbGFMdmtTY3/6v1M4xug1yoNEOu2PKjKJMEEzK/nQyF5gzl1AJlWthdCRtTTRnahCo2BG/15HXoXNc9yw+NWrNRxFGGM ziHS/DgBppwDy1oA4MJPMMrvDmp8+K8Ox/L1pJTzJzCHzmfPwqZj1E=</latexit>
{a}
<latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit>
{a}
<latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit>
Fa = [v1, v4, v4, v8]
<latexit sha1_base64="/Nbvo0uYo2Ps7giCyeFvIhpyQdI=">AAACA3icbZD LSgMxFIbP1Futt1F3ugkWwYWUGSnYjVAQxGUFe4HpMGTSTBuauZBkCmUouPFV3LhQxK0v4c63MW0H0dYDCR//fw7J+f2EM6ks68sorKyurW8UN0tb2zu7e+b+QUvGq SC0SWIei46PJeUsok3FFKedRFAc+py2/eH11G+PqJAsju7VOKFuiPsRCxjBSkueeXTjYXSFnJFnn6ORV/25aq5nlq2KNSu0DHYOZcir4Zmf3V5M0pBGinAspWNbiX IzLBQjnE5K3VTSBJMh7lNHY4RDKt1stsMEnWqlh4JY6BMpNFN/T2Q4lHIc+rozxGogF72p+J/npCqouRmLklTRiMwfClKOVIymgaAeE5QoPtaAiWD6r4gMsMBE6dhK OgR7ceVlaF1UbM131XK9msdRhGM4gTOw4RLqcAsNaAKBB3iCF3g1Ho1n4814n7cWjHzmEP6U8fENn+2U5Q==</latexit><latexit sha1_base64="/Nbvo0uYo2Ps7giCyeFvIhpyQdI=">AAACA3icbZD LSgMxFIbP1Futt1F3ugkWwYWUGSnYjVAQxGUFe4HpMGTSTBuauZBkCmUouPFV3LhQxK0v4c63MW0H0dYDCR//fw7J+f2EM6ks68sorKyurW8UN0tb2zu7e+b+QUvGq SC0SWIei46PJeUsok3FFKedRFAc+py2/eH11G+PqJAsju7VOKFuiPsRCxjBSkueeXTjYXSFnJFnn6ORV/25aq5nlq2KNSu0DHYOZcir4Zmf3V5M0pBGinAspWNbiX IzLBQjnE5K3VTSBJMh7lNHY4RDKt1stsMEnWqlh4JY6BMpNFN/T2Q4lHIc+rozxGogF72p+J/npCqouRmLklTRiMwfClKOVIymgaAeE5QoPtaAiWD6r4gMsMBE6dhK OgR7ceVlaF1UbM131XK9msdRhGM4gTOw4RLqcAsNaAKBB3iCF3g1Ho1n4814n7cWjHzmEP6U8fENn+2U5Q==</latexit><latexit sha1_base64="/Nbvo0uYo2Ps7giCyeFvIhpyQdI=">AAACA3icbZD LSgMxFIbP1Futt1F3ugkWwYWUGSnYjVAQxGUFe4HpMGTSTBuauZBkCmUouPFV3LhQxK0v4c63MW0H0dYDCR//fw7J+f2EM6ks68sorKyurW8UN0tb2zu7e+b+QUvGq SC0SWIei46PJeUsok3FFKedRFAc+py2/eH11G+PqJAsju7VOKFuiPsRCxjBSkueeXTjYXSFnJFnn6ORV/25aq5nlq2KNSu0DHYOZcir4Zmf3V5M0pBGinAspWNbiX IzLBQjnE5K3VTSBJMh7lNHY4RDKt1stsMEnWqlh4JY6BMpNFN/T2Q4lHIc+rozxGogF72p+J/npCqouRmLklTRiMwfClKOVIymgaAeE5QoPtaAiWD6r4gMsMBE6dhK OgR7ceVlaF1UbM131XK9msdRhGM4gTOw4RLqcAsNaAKBB3iCF3g1Ho1n4814n7cWjHzmEP6U8fENn+2U5Q==</latexit><latexit sha1_base64="/Nbvo0uYo2Ps7giCyeFvIhpyQdI=">AAACA3icbZD LSgMxFIbP1Futt1F3ugkWwYWUGSnYjVAQxGUFe4HpMGTSTBuauZBkCmUouPFV3LhQxK0v4c63MW0H0dYDCR//fw7J+f2EM6ks68sorKyurW8UN0tb2zu7e+b+QUvGq SC0SWIei46PJeUsok3FFKedRFAc+py2/eH11G+PqJAsju7VOKFuiPsRCxjBSkueeXTjYXSFnJFnn6ORV/25aq5nlq2KNSu0DHYOZcir4Zmf3V5M0pBGinAspWNbiX IzLBQjnE5K3VTSBJMh7lNHY4RDKt1stsMEnWqlh4JY6BMpNFN/T2Q4lHIc+rozxGogF72p+J/npCqouRmLklTRiMwfClKOVIymgaAeE5QoPtaAiWD6r4gMsMBE6dhK OgR7ceVlaF1UbM131XK9msdRhGM4gTOw4RLqcAsNaAKBB3iCF3g1Ho1n4814n7cWjHzmEP6U8fENn+2U5Q==</latexit>
Fb = [v8, v3]
<latexit sha1_base64="6/qC1lMoZJzWCy1Smr90oaqR63g=">AAAB+XicbZD LSsNAFIZPvNZ6i7p0M1gEF1ISLdiNUBDEZQV7gTSEyXTaDp1MwswkUELfxI0LRdz6Ju58G6dtFtr6w8DHf87hnPnDhDOlHefbWlvf2NzaLu2Ud/f2Dw7to+O2ilNJ aIvEPJbdECvKmaAtzTSn3URSHIWcdsLx3azeyahULBZPepJQP8JDwQaMYG2swLbvgxDdIi8L6pcoC679wK44VWcutApuARUo1Azsr14/JmlEhSYcK+W5TqL9HEvN CKfTci9VNMFkjIfUMyhwRJWfzy+fonPj9NEgluYJjebu74kcR0pNotB0RliP1HJtZv5X81I9qPs5E0mqqSCLRYOUIx2jWQyozyQlmk8MYCKZuRWREZaYaBNW2YTgL n95FdpXVdfwY63SqBVxlOAUzuACXLiBBjxAE1pAIINneIU3K7derHfrY9G6ZhUzJ/BH1ucP7sKR2g==</latexit><latexit sha1_base64="6/qC1lMoZJzWCy1Smr90oaqR63g=">AAAB+XicbZD LSsNAFIZPvNZ6i7p0M1gEF1ISLdiNUBDEZQV7gTSEyXTaDp1MwswkUELfxI0LRdz6Ju58G6dtFtr6w8DHf87hnPnDhDOlHefbWlvf2NzaLu2Ud/f2Dw7to+O2ilNJ aIvEPJbdECvKmaAtzTSn3URSHIWcdsLx3azeyahULBZPepJQP8JDwQaMYG2swLbvgxDdIi8L6pcoC679wK44VWcutApuARUo1Azsr14/JmlEhSYcK+W5TqL9HEvN CKfTci9VNMFkjIfUMyhwRJWfzy+fonPj9NEgluYJjebu74kcR0pNotB0RliP1HJtZv5X81I9qPs5E0mqqSCLRYOUIx2jWQyozyQlmk8MYCKZuRWREZaYaBNW2YTgL n95FdpXVdfwY63SqBVxlOAUzuACXLiBBjxAE1pAIINneIU3K7derHfrY9G6ZhUzJ/BH1ucP7sKR2g==</latexit><latexit sha1_base64="6/qC1lMoZJzWCy1Smr90oaqR63g=">AAAB+XicbZD LSsNAFIZPvNZ6i7p0M1gEF1ISLdiNUBDEZQV7gTSEyXTaDp1MwswkUELfxI0LRdz6Ju58G6dtFtr6w8DHf87hnPnDhDOlHefbWlvf2NzaLu2Ud/f2Dw7to+O2ilNJ aIvEPJbdECvKmaAtzTSn3URSHIWcdsLx3azeyahULBZPepJQP8JDwQaMYG2swLbvgxDdIi8L6pcoC679wK44VWcutApuARUo1Azsr14/JmlEhSYcK+W5TqL9HEvN CKfTci9VNMFkjIfUMyhwRJWfzy+fonPj9NEgluYJjebu74kcR0pNotB0RliP1HJtZv5X81I9qPs5E0mqqSCLRYOUIx2jWQyozyQlmk8MYCKZuRWREZaYaBNW2YTgL n95FdpXVdfwY63SqBVxlOAUzuACXLiBBjxAE1pAIINneIU3K7derHfrY9G6ZhUzJ/BH1ucP7sKR2g==</latexit><latexit sha1_base64="6/qC1lMoZJzWCy1Smr90oaqR63g=">AAAB+XicbZD LSsNAFIZPvNZ6i7p0M1gEF1ISLdiNUBDEZQV7gTSEyXTaDp1MwswkUELfxI0LRdz6Ju58G6dtFtr6w8DHf87hnPnDhDOlHefbWlvf2NzaLu2Ud/f2Dw7to+O2ilNJ aIvEPJbdECvKmaAtzTSn3URSHIWcdsLx3azeyahULBZPepJQP8JDwQaMYG2swLbvgxDdIi8L6pcoC679wK44VWcutApuARUo1Azsr14/JmlEhSYcK+W5TqL9HEvN CKfTci9VNMFkjIfUMyhwRJWfzy+fonPj9NEgluYJjebu74kcR0pNotB0RliP1HJtZv5X81I9qPs5E0mqqSCLRYOUIx2jWQyozyQlmk8MYCKZuRWREZaYaBNW2YTgL n95FdpXVdfwY63SqBVxlOAUzuACXLiBBjxAE1pAIINneIU3K7derHfrY9G6ZhUzJ/BH1ucP7sKR2g==</latexit>
Fc = [v3]
<latexit sha1_base64="a5iL+wXezQ5CocLmWjv6B9wDeYE=">AAAB8nicbZ DNSgMxFIXv1L9a/6ou3QSL4KrMaEE3QkEQlxWsLUyHIZNm2tBMMiSZQhn6GG5cKOLWp3Hn25i2s9DWA4GPc+8l954o5Uwb1/12SmvrG5tb5e3Kzu7e/kH18OhJy0 wR2iaSS9WNsKacCdo2zHDaTRXFScRpJxrdzuqdMVWaSfFoJikNEjwQLGYEG2v5dyFBN8gfh5dBWK25dXcutApeATUo1AqrX72+JFlChSEca+17bmqCHCvDCKfTSi /TNMVkhAfUtyhwQnWQz1eeojPr9FEslX3CoLn7eyLHidaTJLKdCTZDvVybmf/V/MzE10HORJoZKsjiozjjyEg0ux/1maLE8IkFTBSzuyIyxAoTY1Oq2BC85ZNX4e mi7ll+aNSajSKOMpzAKZyDB1fQhHtoQRsISHiGV3hzjPPivDsfi9aSU8wcwx85nz+iLZAf</latexit><latexit sha1_base64="a5iL+wXezQ5CocLmWjv6B9wDeYE=">AAAB8nicbZ DNSgMxFIXv1L9a/6ou3QSL4KrMaEE3QkEQlxWsLUyHIZNm2tBMMiSZQhn6GG5cKOLWp3Hn25i2s9DWA4GPc+8l954o5Uwb1/12SmvrG5tb5e3Kzu7e/kH18OhJy0 wR2iaSS9WNsKacCdo2zHDaTRXFScRpJxrdzuqdMVWaSfFoJikNEjwQLGYEG2v5dyFBN8gfh5dBWK25dXcutApeATUo1AqrX72+JFlChSEca+17bmqCHCvDCKfTSi /TNMVkhAfUtyhwQnWQz1eeojPr9FEslX3CoLn7eyLHidaTJLKdCTZDvVybmf/V/MzE10HORJoZKsjiozjjyEg0ux/1maLE8IkFTBSzuyIyxAoTY1Oq2BC85ZNX4e mi7ll+aNSajSKOMpzAKZyDB1fQhHtoQRsISHiGV3hzjPPivDsfi9aSU8wcwx85nz+iLZAf</latexit><latexit sha1_base64="a5iL+wXezQ5CocLmWjv6B9wDeYE=">AAAB8nicbZ DNSgMxFIXv1L9a/6ou3QSL4KrMaEE3QkEQlxWsLUyHIZNm2tBMMiSZQhn6GG5cKOLWp3Hn25i2s9DWA4GPc+8l954o5Uwb1/12SmvrG5tb5e3Kzu7e/kH18OhJy0 wR2iaSS9WNsKacCdo2zHDaTRXFScRpJxrdzuqdMVWaSfFoJikNEjwQLGYEG2v5dyFBN8gfh5dBWK25dXcutApeATUo1AqrX72+JFlChSEca+17bmqCHCvDCKfTSi /TNMVkhAfUtyhwQnWQz1eeojPr9FEslX3CoLn7eyLHidaTJLKdCTZDvVybmf/V/MzE10HORJoZKsjiozjjyEg0ux/1maLE8IkFTBSzuyIyxAoTY1Oq2BC85ZNX4e mi7ll+aNSajSKOMpzAKZyDB1fQhHtoQRsISHiGV3hzjPPivDsfi9aSU8wcwx85nz+iLZAf</latexit><latexit sha1_base64="a5iL+wXezQ5CocLmWjv6B9wDeYE=">AAAB8nicbZ DNSgMxFIXv1L9a/6ou3QSL4KrMaEE3QkEQlxWsLUyHIZNm2tBMMiSZQhn6GG5cKOLWp3Hn25i2s9DWA4GPc+8l954o5Uwb1/12SmvrG5tb5e3Kzu7e/kH18OhJy0 wR2iaSS9WNsKacCdo2zHDaTRXFScRpJxrdzuqdMVWaSfFoJikNEjwQLGYEG2v5dyFBN8gfh5dBWK25dXcutApeATUo1AqrX72+JFlChSEca+17bmqCHCvDCKfTSi /TNMVkhAfUtyhwQnWQz1eeojPr9FEslX3CoLn7eyLHidaTJLKdCTZDvVybmf/V/MzE10HORJoZKsjiozjjyEg0ux/1maLE8IkFTBSzuyIyxAoTY1Oq2BC85ZNX4e mi7ll+aNSajSKOMpzAKZyDB1fQhHtoQRsISHiGV3hzjPPivDsfi9aSU8wcwx85nz+iLZAf</latexit>
Da = [0, 2, 2, 5]
<latexit sha1_base64="z1FoCveYF6ToOMuwFq6ZGZMuDjQ=">AAAB+HicbZDL SgMxFIbP1Futl466dBMsggspM6WiG6GgC5cV7AWmw5BJM21oJjMkGaGWPokbF4q49VHc+Tam7Sy09YTAx/+fQ07+MOVMacf5tgpr6xubW8Xt0s7u3n7ZPjhsqySThLZ IwhPZDbGinAna0kxz2k0lxXHIaScc3cz8ziOViiXiQY9T6sd4IFjECNZGCuzybYDRNfKc85o5F35gV5yqMy+0Cm4OFcirGdhfvX5CspgKTThWynOdVPsTLDUjnE5LvU zRFJMRHlDPoMAxVf5kvvgUnRqlj6JEmis0mqu/JyY4Vmoch6Yzxnqolr2Z+J/nZTq68idMpJmmgiweijKOdIJmKaA+k5RoPjaAiWRmV0SGWGKiTVYlE4K7/OVVaNeqr uH7eqVRz+MowjGcwBm4cAkNuIMmtIBABs/wCm/Wk/VivVsfi9aClc8cwZ+yPn8AGo6QuQ==</latexit><latexit sha1_base64="z1FoCveYF6ToOMuwFq6ZGZMuDjQ=">AAAB+HicbZDL SgMxFIbP1Futl466dBMsggspM6WiG6GgC5cV7AWmw5BJM21oJjMkGaGWPokbF4q49VHc+Tam7Sy09YTAx/+fQ07+MOVMacf5tgpr6xubW8Xt0s7u3n7ZPjhsqySThLZ IwhPZDbGinAna0kxz2k0lxXHIaScc3cz8ziOViiXiQY9T6sd4IFjECNZGCuzybYDRNfKc85o5F35gV5yqMy+0Cm4OFcirGdhfvX5CspgKTThWynOdVPsTLDUjnE5LvU zRFJMRHlDPoMAxVf5kvvgUnRqlj6JEmis0mqu/JyY4Vmoch6Yzxnqolr2Z+J/nZTq68idMpJmmgiweijKOdIJmKaA+k5RoPjaAiWRmV0SGWGKiTVYlE4K7/OVVaNeqr uH7eqVRz+MowjGcwBm4cAkNuIMmtIBABs/wCm/Wk/VivVsfi9aClc8cwZ+yPn8AGo6QuQ==</latexit><latexit sha1_base64="z1FoCveYF6ToOMuwFq6ZGZMuDjQ=">AAAB+HicbZDL SgMxFIbP1Futl466dBMsggspM6WiG6GgC5cV7AWmw5BJM21oJjMkGaGWPokbF4q49VHc+Tam7Sy09YTAx/+fQ07+MOVMacf5tgpr6xubW8Xt0s7u3n7ZPjhsqySThLZ IwhPZDbGinAna0kxz2k0lxXHIaScc3cz8ziOViiXiQY9T6sd4IFjECNZGCuzybYDRNfKc85o5F35gV5yqMy+0Cm4OFcirGdhfvX5CspgKTThWynOdVPsTLDUjnE5LvU zRFJMRHlDPoMAxVf5kvvgUnRqlj6JEmis0mqu/JyY4Vmoch6Yzxnqolr2Z+J/nZTq68idMpJmmgiweijKOdIJmKaA+k5RoPjaAiWRmV0SGWGKiTVYlE4K7/OVVaNeqr uH7eqVRz+MowjGcwBm4cAkNuIMmtIBABs/wCm/Wk/VivVsfi9aClc8cwZ+yPn8AGo6QuQ==</latexit><latexit sha1_base64="z1FoCveYF6ToOMuwFq6ZGZMuDjQ=">AAAB+HicbZDL SgMxFIbP1Futl466dBMsggspM6WiG6GgC5cV7AWmw5BJM21oJjMkGaGWPokbF4q49VHc+Tam7Sy09YTAx/+fQ07+MOVMacf5tgpr6xubW8Xt0s7u3n7ZPjhsqySThLZ IwhPZDbGinAna0kxz2k0lxXHIaScc3cz8ziOViiXiQY9T6sd4IFjECNZGCuzybYDRNfKc85o5F35gV5yqMy+0Cm4OFcirGdhfvX5CspgKTThWynOdVPsTLDUjnE5LvU zRFJMRHlDPoMAxVf5kvvgUnRqlj6JEmis0mqu/JyY4Vmoch6Yzxnqolr2Z+J/nZTq68idMpJmmgiweijKOdIJmKaA+k5RoPjaAiWRmV0SGWGKiTVYlE4K7/OVVaNeqr uH7eqVRz+MowjGcwBm4cAkNuIMmtIBABs/wCm/Wk/VivVsfi9aClc8cwZ+yPn8AGo6QuQ==</latexit>
Db = [5, 1]
<latexit sha1_base64="qj9WHDCmixikFN0I4G0Nv8zk80M=">AAAB83icbZBN S8NAEIYnftb6VfXoZbEIHqQkUtGLUNCDxwr2A9JQNttNu3SzCbsToZT+DS8eFPHqn/Hmv3Hb5qCtLyw8vDPDzL5hKoVB1/12VlbX1jc2C1vF7Z3dvf3SwWHTJJlmvME Smeh2SA2XQvEGCpS8nWpO41DyVji8ndZbT1wbkahHHKU8iGlfiUgwitbq3HVDckP8y3PiBd1S2a24M5Fl8HIoQ656t/TV6SUsi7lCJqkxvuemGIypRsEknxQ7meEpZU Pa575FRWNugvHs5gk5tU6PRIm2TyGZub8nxjQ2ZhSHtjOmODCLtan5X83PMLoOxkKlGXLF5ouiTBJMyDQA0hOaM5QjC5RpYW8lbEA1ZWhjKtoQvMUvL0PzouJZfqiWa 9U8jgIcwwmcgQdXUIN7qEMDGKTwDK/w5mTOi/PufMxbV5x85gj+yPn8AUF4j9A=</latexit><latexit sha1_base64="qj9WHDCmixikFN0I4G0Nv8zk80M=">AAAB83icbZBN S8NAEIYnftb6VfXoZbEIHqQkUtGLUNCDxwr2A9JQNttNu3SzCbsToZT+DS8eFPHqn/Hmv3Hb5qCtLyw8vDPDzL5hKoVB1/12VlbX1jc2C1vF7Z3dvf3SwWHTJJlmvME Smeh2SA2XQvEGCpS8nWpO41DyVji8ndZbT1wbkahHHKU8iGlfiUgwitbq3HVDckP8y3PiBd1S2a24M5Fl8HIoQ656t/TV6SUsi7lCJqkxvuemGIypRsEknxQ7meEpZU Pa575FRWNugvHs5gk5tU6PRIm2TyGZub8nxjQ2ZhSHtjOmODCLtan5X83PMLoOxkKlGXLF5ouiTBJMyDQA0hOaM5QjC5RpYW8lbEA1ZWhjKtoQvMUvL0PzouJZfqiWa 9U8jgIcwwmcgQdXUIN7qEMDGKTwDK/w5mTOi/PufMxbV5x85gj+yPn8AUF4j9A=</latexit><latexit sha1_base64="qj9WHDCmixikFN0I4G0Nv8zk80M=">AAAB83icbZBN S8NAEIYnftb6VfXoZbEIHqQkUtGLUNCDxwr2A9JQNttNu3SzCbsToZT+DS8eFPHqn/Hmv3Hb5qCtLyw8vDPDzL5hKoVB1/12VlbX1jc2C1vF7Z3dvf3SwWHTJJlmvME Smeh2SA2XQvEGCpS8nWpO41DyVji8ndZbT1wbkahHHKU8iGlfiUgwitbq3HVDckP8y3PiBd1S2a24M5Fl8HIoQ656t/TV6SUsi7lCJqkxvuemGIypRsEknxQ7meEpZU Pa575FRWNugvHs5gk5tU6PRIm2TyGZub8nxjQ2ZhSHtjOmODCLtan5X83PMLoOxkKlGXLF5ouiTBJMyDQA0hOaM5QjC5RpYW8lbEA1ZWhjKtoQvMUvL0PzouJZfqiWa 9U8jgIcwwmcgQdXUIN7qEMDGKTwDK/w5mTOi/PufMxbV5x85gj+yPn8AUF4j9A=</latexit><latexit sha1_base64="qj9WHDCmixikFN0I4G0Nv8zk80M=">AAAB83icbZBN S8NAEIYnftb6VfXoZbEIHqQkUtGLUNCDxwr2A9JQNttNu3SzCbsToZT+DS8eFPHqn/Hmv3Hb5qCtLyw8vDPDzL5hKoVB1/12VlbX1jc2C1vF7Z3dvf3SwWHTJJlmvME Smeh2SA2XQvEGCpS8nWpO41DyVji8ndZbT1wbkahHHKU8iGlfiUgwitbq3HVDckP8y3PiBd1S2a24M5Fl8HIoQ656t/TV6SUsi7lCJqkxvuemGIypRsEknxQ7meEpZU Pa575FRWNugvHs5gk5tU6PRIm2TyGZub8nxjQ2ZhSHtjOmODCLtan5X83PMLoOxkKlGXLF5ouiTBJMyDQA0hOaM5QjC5RpYW8lbEA1ZWhjKtoQvMUvL0PzouJZfqiWa 9U8jgIcwwmcgQdXUIN7qEMDGKTwDK/w5mTOi/PufMxbV5x85gj+yPn8AUF4j9A=</latexit>
Dc = [1]
<latexit sha1_base64="fJfY6tErjwSEzA6ZTycHVrPlM1A=">AAAB8HicbZDL SgMxFIbP1Futt6pLN8EiuCozUtCNUNCFywr2ItOhZNJMG5pkhiQjlKFP4caFIm59HHe+jel0Ftr6Q+DjP+eQc/4w4Uwb1/12SmvrG5tb5e3Kzu7e/kH18Kij41QR2iY xj1UvxJpyJmnbMMNpL1EUi5DTbji5mde7T1RpFssHM01oIPBIsogRbKz1eDsg6Br5XjCo1ty6mwutgldADQq1BtWv/jAmqaDSEI619j03MUGGlWGE01mln2qaYDLBI+ pblFhQHWT5wjN0Zp0himJlnzQod39PZFhoPRWh7RTYjPVybW7+V/NTE10FGZNJaqgki4+ilCMTo/n1aMgUJYZPLWCimN0VkTFWmBibUcWG4C2fvAqdi7pn+b5RazaKO MpwAqdwDh5cQhPuoAVtICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AAlejzI=</latexit><latexit sha1_base64="fJfY6tErjwSEzA6ZTycHVrPlM1A=">AAAB8HicbZDL SgMxFIbP1Futt6pLN8EiuCozUtCNUNCFywr2ItOhZNJMG5pkhiQjlKFP4caFIm59HHe+jel0Ftr6Q+DjP+eQc/4w4Uwb1/12SmvrG5tb5e3Kzu7e/kH18Kij41QR2iY xj1UvxJpyJmnbMMNpL1EUi5DTbji5mde7T1RpFssHM01oIPBIsogRbKz1eDsg6Br5XjCo1ty6mwutgldADQq1BtWv/jAmqaDSEI619j03MUGGlWGE01mln2qaYDLBI+ pblFhQHWT5wjN0Zp0himJlnzQod39PZFhoPRWh7RTYjPVybW7+V/NTE10FGZNJaqgki4+ilCMTo/n1aMgUJYZPLWCimN0VkTFWmBibUcWG4C2fvAqdi7pn+b5RazaKO MpwAqdwDh5cQhPuoAVtICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AAlejzI=</latexit><latexit sha1_base64="fJfY6tErjwSEzA6ZTycHVrPlM1A=">AAAB8HicbZDL SgMxFIbP1Futt6pLN8EiuCozUtCNUNCFywr2ItOhZNJMG5pkhiQjlKFP4caFIm59HHe+jel0Ftr6Q+DjP+eQc/4w4Uwb1/12SmvrG5tb5e3Kzu7e/kH18Kij41QR2iY xj1UvxJpyJmnbMMNpL1EUi5DTbji5mde7T1RpFssHM01oIPBIsogRbKz1eDsg6Br5XjCo1ty6mwutgldADQq1BtWv/jAmqaDSEI619j03MUGGlWGE01mln2qaYDLBI+ pblFhQHWT5wjN0Zp0himJlnzQod39PZFhoPRWh7RTYjPVybW7+V/NTE10FGZNJaqgki4+ilCMTo/n1aMgUJYZPLWCimN0VkTFWmBibUcWG4C2fvAqdi7pn+b5RazaKO MpwAqdwDh5cQhPuoAVtICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AAlejzI=</latexit><latexit sha1_base64="fJfY6tErjwSEzA6ZTycHVrPlM1A=">AAAB8HicbZDL SgMxFIbP1Futt6pLN8EiuCozUtCNUNCFywr2ItOhZNJMG5pkhiQjlKFP4caFIm59HHe+jel0Ftr6Q+DjP+eQc/4w4Uwb1/12SmvrG5tb5e3Kzu7e/kH18Kij41QR2iY xj1UvxJpyJmnbMMNpL1EUi5DTbji5mde7T1RpFssHM01oIPBIsogRbKz1eDsg6Br5XjCo1ty6mwutgldADQq1BtWv/jAmqaDSEI619j03MUGGlWGE01mln2qaYDLBI+ pblFhQHWT5wjN0Zp0himJlnzQod39PZFhoPRWh7RTYjPVybW7+V/NTE10FGZNJaqgki4+ilCMTo/n1aMgUJYZPLWCimN0VkTFWmBibUcWG4C2fvAqdi7pn+b5RazaKO MpwAqdwDh5cQhPuoAVtICDgGV7hzVHOi/PufCxaS04xcwx/5Hz+AAlejzI=</latexit>
Aa = {p1, p2, p3, p5}
<latexit sha1_base64="TAwiWOIieRZPnp019J7ZtDy1Kzk=">AAACBXicbVDL SgMxFM3UV62vUZe6CBbBhZSZWtGNUHHjsoJ9QGcYMmnahmYyIckIZejGjb/ixoUibv0Hd/6NmXYW2nogl8M593JzTygYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVScSEy aOGax7IRIEUY5aWqqGekISVAUMtIORzeZ334gUtGY3+uxIH6EBpz2KUbaSIF9eB0geAW9VATuKRRBNStnWTn3JoFddirOFHCRuDkpgxyNwP7yejFOIsI1ZkiprusI7a dIaooZmZS8RBGB8AgNSNdQjiKi/HR6xQQeG6UH+7E0j2s4VX9PpChSahyFpjNCeqjmvUz8z+smun/pp5SLRBOOZ4v6CYM6hlkksEclwZqNDUFYUvNXiIdIIqxNcCUTg jt/8iJpVSuu4Xe1cr2Wx1EEB+AInAAXXIA6uAUN0AQYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AD5dlc4=</latexit><latexit sha1_base64="TAwiWOIieRZPnp019J7ZtDy1Kzk=">AAACBXicbVDL SgMxFM3UV62vUZe6CBbBhZSZWtGNUHHjsoJ9QGcYMmnahmYyIckIZejGjb/ixoUibv0Hd/6NmXYW2nogl8M593JzTygYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVScSEy aOGax7IRIEUY5aWqqGekISVAUMtIORzeZ334gUtGY3+uxIH6EBpz2KUbaSIF9eB0geAW9VATuKRRBNStnWTn3JoFddirOFHCRuDkpgxyNwP7yejFOIsI1ZkiprusI7a dIaooZmZS8RBGB8AgNSNdQjiKi/HR6xQQeG6UH+7E0j2s4VX9PpChSahyFpjNCeqjmvUz8z+smun/pp5SLRBOOZ4v6CYM6hlkksEclwZqNDUFYUvNXiIdIIqxNcCUTg jt/8iJpVSuu4Xe1cr2Wx1EEB+AInAAXXIA6uAUN0AQYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AD5dlc4=</latexit><latexit sha1_base64="TAwiWOIieRZPnp019J7ZtDy1Kzk=">AAACBXicbVDL SgMxFM3UV62vUZe6CBbBhZSZWtGNUHHjsoJ9QGcYMmnahmYyIckIZejGjb/ixoUibv0Hd/6NmXYW2nogl8M593JzTygYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVScSEy aOGax7IRIEUY5aWqqGekISVAUMtIORzeZ334gUtGY3+uxIH6EBpz2KUbaSIF9eB0geAW9VATuKRRBNStnWTn3JoFddirOFHCRuDkpgxyNwP7yejFOIsI1ZkiprusI7a dIaooZmZS8RBGB8AgNSNdQjiKi/HR6xQQeG6UH+7E0j2s4VX9PpChSahyFpjNCeqjmvUz8z+smun/pp5SLRBOOZ4v6CYM6hlkksEclwZqNDUFYUvNXiIdIIqxNcCUTg jt/8iJpVSuu4Xe1cr2Wx1EEB+AInAAXXIA6uAUN0AQYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AD5dlc4=</latexit><latexit sha1_base64="TAwiWOIieRZPnp019J7ZtDy1Kzk=">AAACBXicbVDL SgMxFM3UV62vUZe6CBbBhZSZWtGNUHHjsoJ9QGcYMmnahmYyIckIZejGjb/ixoUibv0Hd/6NmXYW2nogl8M593JzTygYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVScSEy aOGax7IRIEUY5aWqqGekISVAUMtIORzeZ334gUtGY3+uxIH6EBpz2KUbaSIF9eB0geAW9VATuKRRBNStnWTn3JoFddirOFHCRuDkpgxyNwP7yejFOIsI1ZkiprusI7a dIaooZmZS8RBGB8AgNSNdQjiKi/HR6xQQeG6UH+7E0j2s4VX9PpChSahyFpjNCeqjmvUz8z+smun/pp5SLRBOOZ4v6CYM6hlkksEclwZqNDUFYUvNXiIdIIqxNcCUTg jt/8iJpVSuu4Xe1cr2Wx1EEB+AInAAXXIA6uAUN0AQYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AD5dlc4=</latexit>
Ab = {p4, p6}
<latexit sha1_base64="egVEyh4ETpOcrSQe+QJWAI1Kxjs=">AAAB+3icbZDL SsNAFIZPvNZ6q3XpZrAILqQkUtSNUHHjsoK9QBPCZDpph04mYWYilpBXceNCEbe+iDvfxmmbhbb+MPDxn3M4Z/4g4Uxp2/62VlbX1jc2S1vl7Z3dvf3KQbWj4lQS2iY xj2UvwIpyJmhbM81pL5EURwGn3WB8O613H6lULBYPepJQL8JDwUJGsDaWX6ne+AG6Rm6W+I0zlPgXbu5Xanbdngktg1NADQq1/MqXO4hJGlGhCcdK9R070V6GpWaE07 zspoommIzxkPYNChxR5WWz23N0YpwBCmNpntBo5v6eyHCk1CQKTGeE9Ugt1qbmf7V+qsMrL2MiSTUVZL4oTDnSMZoGgQZMUqL5xAAmkplbERlhiYk2cZVNCM7il5ehc 153DN83as1GEUcJjuAYTsGBS2jCHbSgDQSe4Ble4c3KrRfr3fqYt65Yxcwh/JH1+QOgV5LU</latexit><latexit sha1_base64="egVEyh4ETpOcrSQe+QJWAI1Kxjs=">AAAB+3icbZDL SsNAFIZPvNZ6q3XpZrAILqQkUtSNUHHjsoK9QBPCZDpph04mYWYilpBXceNCEbe+iDvfxmmbhbb+MPDxn3M4Z/4g4Uxp2/62VlbX1jc2S1vl7Z3dvf3KQbWj4lQS2iY xj2UvwIpyJmhbM81pL5EURwGn3WB8O613H6lULBYPepJQL8JDwUJGsDaWX6ne+AG6Rm6W+I0zlPgXbu5Xanbdngktg1NADQq1/MqXO4hJGlGhCcdK9R070V6GpWaE07 zspoommIzxkPYNChxR5WWz23N0YpwBCmNpntBo5v6eyHCk1CQKTGeE9Ugt1qbmf7V+qsMrL2MiSTUVZL4oTDnSMZoGgQZMUqL5xAAmkplbERlhiYk2cZVNCM7il5ehc 153DN83as1GEUcJjuAYTsGBS2jCHbSgDQSe4Ble4c3KrRfr3fqYt65Yxcwh/JH1+QOgV5LU</latexit><latexit sha1_base64="egVEyh4ETpOcrSQe+QJWAI1Kxjs=">AAAB+3icbZDL SsNAFIZPvNZ6q3XpZrAILqQkUtSNUHHjsoK9QBPCZDpph04mYWYilpBXceNCEbe+iDvfxmmbhbb+MPDxn3M4Z/4g4Uxp2/62VlbX1jc2S1vl7Z3dvf3KQbWj4lQS2iY xj2UvwIpyJmhbM81pL5EURwGn3WB8O613H6lULBYPepJQL8JDwUJGsDaWX6ne+AG6Rm6W+I0zlPgXbu5Xanbdngktg1NADQq1/MqXO4hJGlGhCcdK9R070V6GpWaE07 zspoommIzxkPYNChxR5WWz23N0YpwBCmNpntBo5v6eyHCk1CQKTGeE9Ugt1qbmf7V+qsMrL2MiSTUVZL4oTDnSMZoGgQZMUqL5xAAmkplbERlhiYk2cZVNCM7il5ehc 153DN83as1GEUcJjuAYTsGBS2jCHbSgDQSe4Ble4c3KrRfr3fqYt65Yxcwh/JH1+QOgV5LU</latexit><latexit sha1_base64="egVEyh4ETpOcrSQe+QJWAI1Kxjs=">AAAB+3icbZDL SsNAFIZPvNZ6q3XpZrAILqQkUtSNUHHjsoK9QBPCZDpph04mYWYilpBXceNCEbe+iDvfxmmbhbb+MPDxn3M4Z/4g4Uxp2/62VlbX1jc2S1vl7Z3dvf3KQbWj4lQS2iY xj2UvwIpyJmhbM81pL5EURwGn3WB8O613H6lULBYPepJQL8JDwUJGsDaWX6ne+AG6Rm6W+I0zlPgXbu5Xanbdngktg1NADQq1/MqXO4hJGlGhCcdK9R070V6GpWaE07 zspoommIzxkPYNChxR5WWz23N0YpwBCmNpntBo5v6eyHCk1CQKTGeE9Ugt1qbmf7V+qsMrL2MiSTUVZL4oTDnSMZoGgQZMUqL5xAAmkplbERlhiYk2cZVNCM7il5ehc 153DN83as1GEUcJjuAYTsGBS2jCHbSgDQSe4Ble4c3KrRfr3fqYt65Yxcwh/JH1+QOgV5LU</latexit>
Ac = {p7}
<latexit sha1_base64="i4tAG7BFNcwGs2/OCthM/XqH078=">AAAB9HicbZDL SsNAFIZP6q3WW9Slm8EiuCqJFOpGqLhxWcFeoAlhMp20QyeTODMplNDncONCEbc+jDvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2ShubW9s75d3K3v7B4ZF9fNJRSSYJbZO EJ7IXYkU5E7Stmea0l0qK45DTbji+m9e7EyoVS8SjnqbUj/FQsIgRrI3l3wYE3SAvT4OGNwvsqlNzFkLr4BZQhUKtwP7yBgnJYio04Vipvuuk2s+x1IxwOqt4maIpJm M8pH2DAsdU+fni6Bm6MM4ARYk0T2i0cH9P5DhWahqHpjPGeqRWa3Pzv1o/09G1nzORZpoKslwUZRzpBM0TQAMmKdF8agATycytiIywxESbnComBHf1y+vQuaq5hh/q1 Wa9iKMMZ3AOl+BCA5pwDy1oA4EneIZXeLMm1ov1bn0sW0tWMXMKf2R9/gBgxpEk</latexit><latexit sha1_base64="i4tAG7BFNcwGs2/OCthM/XqH078=">AAAB9HicbZDL SsNAFIZP6q3WW9Slm8EiuCqJFOpGqLhxWcFeoAlhMp20QyeTODMplNDncONCEbc+jDvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2ShubW9s75d3K3v7B4ZF9fNJRSSYJbZO EJ7IXYkU5E7Stmea0l0qK45DTbji+m9e7EyoVS8SjnqbUj/FQsIgRrI3l3wYE3SAvT4OGNwvsqlNzFkLr4BZQhUKtwP7yBgnJYio04Vipvuuk2s+x1IxwOqt4maIpJm M8pH2DAsdU+fni6Bm6MM4ARYk0T2i0cH9P5DhWahqHpjPGeqRWa3Pzv1o/09G1nzORZpoKslwUZRzpBM0TQAMmKdF8agATycytiIywxESbnComBHf1y+vQuaq5hh/q1 Wa9iKMMZ3AOl+BCA5pwDy1oA4EneIZXeLMm1ov1bn0sW0tWMXMKf2R9/gBgxpEk</latexit><latexit sha1_base64="i4tAG7BFNcwGs2/OCthM/XqH078=">AAAB9HicbZDL SsNAFIZP6q3WW9Slm8EiuCqJFOpGqLhxWcFeoAlhMp20QyeTODMplNDncONCEbc+jDvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2ShubW9s75d3K3v7B4ZF9fNJRSSYJbZO EJ7IXYkU5E7Stmea0l0qK45DTbji+m9e7EyoVS8SjnqbUj/FQsIgRrI3l3wYE3SAvT4OGNwvsqlNzFkLr4BZQhUKtwP7yBgnJYio04Vipvuuk2s+x1IxwOqt4maIpJm M8pH2DAsdU+fni6Bm6MM4ARYk0T2i0cH9P5DhWahqHpjPGeqRWa3Pzv1o/09G1nzORZpoKslwUZRzpBM0TQAMmKdF8agATycytiIywxESbnComBHf1y+vQuaq5hh/q1 Wa9iKMMZ3AOl+BCA5pwDy1oA4EneIZXeLMm1ov1bn0sW0tWMXMKf2R9/gBgxpEk</latexit><latexit sha1_base64="i4tAG7BFNcwGs2/OCthM/XqH078=">AAAB9HicbZDL SsNAFIZP6q3WW9Slm8EiuCqJFOpGqLhxWcFeoAlhMp20QyeTODMplNDncONCEbc+jDvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2ShubW9s75d3K3v7B4ZF9fNJRSSYJbZO EJ7IXYkU5E7Stmea0l0qK45DTbji+m9e7EyoVS8SjnqbUj/FQsIgRrI3l3wYE3SAvT4OGNwvsqlNzFkLr4BZQhUKtwP7yBgnJYio04Vipvuuk2s+x1IxwOqt4maIpJm M8pH2DAsdU+fni6Bm6MM4ARYk0T2i0cH9P5DhWahqHpjPGeqRWa3Pzv1o/09G1nzORZpoKslwUZRzpBM0TQAMmKdF8agATycytiIywxESbnComBHf1y+vQuaq5hh/q1 Wa9iKMMZ3AOl+BCA5pwDy1oA4EneIZXeLMm1ov1bn0sW0tWMXMKf2R9/gBgxpEk</latexit>
⇤<latexit sha1_base64="/SQRcrQmWt X4evaiuYQBxbwShyI=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjwYvH CvYD2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315 pY3Nre6e8W9nbPzg8qh6ftG2SGcZbLJGJ6UbUcik0b6FAybup4VRFkneiyV1e7zx xY0WiH3Ga8lDRkRaxYBRzq08tDqo1v+4vRNYhKKAGhZqD6ld/mLBMcY1MUmt7gZ9 iOKMGBZN8XulnlqeUTeiI9xxqqrgNZ4td5+TCOUMSJ8Y9jWTh/p6YUWXtVEWuU1 Ec29Vabv5X62UY34YzodMMuWbLj+JMEkxIfjgZCsMZyqkDyoxwuxI2poYydPFUXA jB6snr0L6qB44frmuN6yKOMpzBOVxCADfQgHtoQgsYjOEZXuHNU96L9+59LFtLX jFzCn/kff4AGd2OOA==</latexit><latexit sha1_base64="/SQRcrQmWt X4evaiuYQBxbwShyI=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjwYvH CvYD2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315 pY3Nre6e8W9nbPzg8qh6ftG2SGcZbLJGJ6UbUcik0b6FAybup4VRFkneiyV1e7zx xY0WiH3Ga8lDRkRaxYBRzq08tDqo1v+4vRNYhKKAGhZqD6ld/mLBMcY1MUmt7gZ9 iOKMGBZN8XulnlqeUTeiI9xxqqrgNZ4td5+TCOUMSJ8Y9jWTh/p6YUWXtVEWuU1 Ec29Vabv5X62UY34YzodMMuWbLj+JMEkxIfjgZCsMZyqkDyoxwuxI2poYydPFUXA jB6snr0L6qB44frmuN6yKOMpzBOVxCADfQgHtoQgsYjOEZXuHNU96L9+59LFtLX jFzCn/kff4AGd2OOA==</latexit><latexit sha1_base64="/SQRcrQmWt X4evaiuYQBxbwShyI=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjwYvH CvYD2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315 pY3Nre6e8W9nbPzg8qh6ftG2SGcZbLJGJ6UbUcik0b6FAybup4VRFkneiyV1e7zx xY0WiH3Ga8lDRkRaxYBRzq08tDqo1v+4vRNYhKKAGhZqD6ld/mLBMcY1MUmt7gZ9 iOKMGBZN8XulnlqeUTeiI9xxqqrgNZ4td5+TCOUMSJ8Y9jWTh/p6YUWXtVEWuU1 Ec29Vabv5X62UY34YzodMMuWbLj+JMEkxIfjgZCsMZyqkDyoxwuxI2poYydPFUXA jB6snr0L6qB44frmuN6yKOMpzBOVxCADfQgHtoQgsYjOEZXuHNU96L9+59LFtLX jFzCn/kff4AGd2OOA==</latexit><latexit sha1_base64="/SQRcrQmWt X4evaiuYQBxbwShyI=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjwYvH CvYD2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315 pY3Nre6e8W9nbPzg8qh6ftG2SGcZbLJGJ6UbUcik0b6FAybup4VRFkneiyV1e7zx xY0WiH3Ga8lDRkRaxYBRzq08tDqo1v+4vRNYhKKAGhZqD6ld/mLBMcY1MUmt7gZ9 iOKMGBZN8XulnlqeUTeiI9xxqqrgNZ4td5+TCOUMSJ8Y9jWTh/p6YUWXtVEWuU1 Ec29Vabv5X62UY34YzodMMuWbLj+JMEkxIfjgZCsMZyqkDyoxwuxI2poYydPFUXA jB6snr0L6qB44frmuN6yKOMpzBOVxCADfQgHtoQgsYjOEZXuHNU96L9+59LFtLX jFzCn/kff4AGd2OOA==</latexit>
 
<latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit>
 
<latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit>
 
<latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit>
|
<latexit sha1_base64="YL4rWaB3wC peqPEXmefuNPpoPjU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZcOOy gr1AO5RMJtOGJpkhyQhl6Cu4caGIW1/InW9jpp2Ftv4Q+PjPOeScP0wFN9bzvlF lY3Nre6e6W9vbPzg8qh+fdE2Saco6NBGJ7ofEMMEV61huBeunmhEZCtYLp3dFvff EtOGJerSzlAWSjBWPOSW2sIaSR6N6w2t6C+F18EtoQKn2qP41jBKaSaYsFcSYge+ lNsiJtpwKNq8NM8NSQqdkzAYOFZHMBPli1zm+cE6E40S7pyxeuL8nciKNmcnQdU piJ2a1Vpj/1QaZjW+DnKs0s0zR5UdxJrBNcHE4jrhm1IqZA0I1d7tiOiGaUOviqb kQ/NWT16F71fQdP1w3WtdlHFU4g3O4BB9uoAX30IYOUJjAM7zCG5LoBb2jj2VrB ZUzp/BH6PMHBLOOKg==</latexit><latexit sha1_base64="YL4rWaB3wC peqPEXmefuNPpoPjU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZcOOy gr1AO5RMJtOGJpkhyQhl6Cu4caGIW1/InW9jpp2Ftv4Q+PjPOeScP0wFN9bzvlF lY3Nre6e6W9vbPzg8qh+fdE2Saco6NBGJ7ofEMMEV61huBeunmhEZCtYLp3dFvff EtOGJerSzlAWSjBWPOSW2sIaSR6N6w2t6C+F18EtoQKn2qP41jBKaSaYsFcSYge+ lNsiJtpwKNq8NM8NSQqdkzAYOFZHMBPli1zm+cE6E40S7pyxeuL8nciKNmcnQdU piJ2a1Vpj/1QaZjW+DnKs0s0zR5UdxJrBNcHE4jrhm1IqZA0I1d7tiOiGaUOviqb kQ/NWT16F71fQdP1w3WtdlHFU4g3O4BB9uoAX30IYOUJjAM7zCG5LoBb2jj2VrB ZUzp/BH6PMHBLOOKg==</latexit><latexit sha1_base64="YL4rWaB3wC peqPEXmefuNPpoPjU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZcOOy gr1AO5RMJtOGJpkhyQhl6Cu4caGIW1/InW9jpp2Ftv4Q+PjPOeScP0wFN9bzvlF lY3Nre6e6W9vbPzg8qh+fdE2Saco6NBGJ7ofEMMEV61huBeunmhEZCtYLp3dFvff EtOGJerSzlAWSjBWPOSW2sIaSR6N6w2t6C+F18EtoQKn2qP41jBKaSaYsFcSYge+ lNsiJtpwKNq8NM8NSQqdkzAYOFZHMBPli1zm+cE6E40S7pyxeuL8nciKNmcnQdU piJ2a1Vpj/1QaZjW+DnKs0s0zR5UdxJrBNcHE4jrhm1IqZA0I1d7tiOiGaUOviqb kQ/NWT16F71fQdP1w3WtdlHFU4g3O4BB9uoAX30IYOUJjAM7zCG5LoBb2jj2VrB ZUzp/BH6PMHBLOOKg==</latexit><latexit sha1_base64="YL4rWaB3wC peqPEXmefuNPpoPjU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZcOOy gr1AO5RMJtOGJpkhyQhl6Cu4caGIW1/InW9jpp2Ftv4Q+PjPOeScP0wFN9bzvlF lY3Nre6e6W9vbPzg8qh+fdE2Saco6NBGJ7ofEMMEV61huBeunmhEZCtYLp3dFvff EtOGJerSzlAWSjBWPOSW2sIaSR6N6w2t6C+F18EtoQKn2qP41jBKaSaYsFcSYge+ lNsiJtpwKNq8NM8NSQqdkzAYOFZHMBPli1zm+cE6E40S7pyxeuL8nciKNmcnQdU piJ2a1Vpj/1QaZjW+DnKs0s0zR5UdxJrBNcHE4jrhm1IqZA0I1d7tiOiGaUOviqb kQ/NWT16F71fQdP1w3WtdlHFU4g3O4BB9uoAX30IYOUJjAM7zCG5LoBb2jj2VrB ZUzp/BH6PMHBLOOKg==</latexit>
⇤<latexit sha1_base64="/SQRcrQmWt X4evaiuYQBxbwShyI=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjwYvH CvYD2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315 pY3Nre6e8W9nbPzg8qh6ftG2SGcZbLJGJ6UbUcik0b6FAybup4VRFkneiyV1e7zx xY0WiH3Ga8lDRkRaxYBRzq08tDqo1v+4vRNYhKKAGhZqD6ld/mLBMcY1MUmt7gZ9 iOKMGBZN8XulnlqeUTeiI9xxqqrgNZ4td5+TCOUMSJ8Y9jWTh/p6YUWXtVEWuU1 Ec29Vabv5X62UY34YzodMMuWbLj+JMEkxIfjgZCsMZyqkDyoxwuxI2poYydPFUXA jB6snr0L6qB44frmuN6yKOMpzBOVxCADfQgHtoQgsYjOEZXuHNU96L9+59LFtLX jFzCn/kff4AGd2OOA==</latexit><latexit sha1_base64="/SQRcrQmWt X4evaiuYQBxbwShyI=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjwYvH CvYD2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315 pY3Nre6e8W9nbPzg8qh6ftG2SGcZbLJGJ6UbUcik0b6FAybup4VRFkneiyV1e7zx xY0WiH3Ga8lDRkRaxYBRzq08tDqo1v+4vRNYhKKAGhZqD6ld/mLBMcY1MUmt7gZ9 iOKMGBZN8XulnlqeUTeiI9xxqqrgNZ4td5+TCOUMSJ8Y9jWTh/p6YUWXtVEWuU1 Ec29Vabv5X62UY34YzodMMuWbLj+JMEkxIfjgZCsMZyqkDyoxwuxI2poYydPFUXA jB6snr0L6qB44frmuN6yKOMpzBOVxCADfQgHtoQgsYjOEZXuHNU96L9+59LFtLX jFzCn/kff4AGd2OOA==</latexit><latexit sha1_base64="/SQRcrQmWt X4evaiuYQBxbwShyI=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjwYvH CvYD2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315 pY3Nre6e8W9nbPzg8qh6ftG2SGcZbLJGJ6UbUcik0b6FAybup4VRFkneiyV1e7zx xY0WiH3Ga8lDRkRaxYBRzq08tDqo1v+4vRNYhKKAGhZqD6ld/mLBMcY1MUmt7gZ9 iOKMGBZN8XulnlqeUTeiI9xxqqrgNZ4td5+TCOUMSJ8Y9jWTh/p6YUWXtVEWuU1 Ec29Vabv5X62UY34YzodMMuWbLj+JMEkxIfjgZCsMZyqkDyoxwuxI2poYydPFUXA jB6snr0L6qB44frmuN6yKOMpzBOVxCADfQgHtoQgsYjOEZXuHNU96L9+59LFtLX jFzCn/kff4AGd2OOA==</latexit><latexit sha1_base64="/SQRcrQmWt X4evaiuYQBxbwShyI=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjwYvH CvYD2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315 pY3Nre6e8W9nbPzg8qh6ftG2SGcZbLJGJ6UbUcik0b6FAybup4VRFkneiyV1e7zx xY0WiH3Ga8lDRkRaxYBRzq08tDqo1v+4vRNYhKKAGhZqD6ld/mLBMcY1MUmt7gZ9 iOKMGBZN8XulnlqeUTeiI9xxqqrgNZ4td5+TCOUMSJ8Y9jWTh/p6YUWXtVEWuU1 Ec29Vabv5X62UY34YzodMMuWbLj+JMEkxIfjgZCsMZyqkDyoxwuxI2poYydPFUXA jB6snr0L6qB44frmuN6yKOMpzBOVxCADfQgHtoQgsYjOEZXuHNU96L9+59LFtLX jFzCn/kff4AGd2OOA==</latexit>
a
<latexit sha1_ba se64="BqxKyohfuZK4UkYEG9pGCIF/Pp M=">AAAB6HicbZBNS8NAEIYn9avWr6pH L4tF8FQSKdRjwYvHFuwHtKFstpN27WYT djdCCf0FXjwo4tWf5M1/47bNQVtfWHh4 Z4adeYNEcG1c99spbG3v7O4V90sHh0f HJ+XTs46OU8WwzWIRq15ANQousW24Edh LFNIoENgNpneLevcJleaxfDCzBP2IjiU POaPGWi06LFfcqrsU2QQvhwrkag7LX4N RzNIIpWGCat333MT4GVWGM4Hz0iDVmF A2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyN L9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt3 7GZZIalGz1UZgKYmKyuJqMuEJmxMwCZY rbXQmbUEWZsdmUbAje+smb0LmpepZbtU qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8w pvz6Lw4787HqrXg5DPn8EfO5w+/KYzX< /latexit><latexit sha1_ba se64="BqxKyohfuZK4UkYEG9pGCIF/Pp M=">AAAB6HicbZBNS8NAEIYn9avWr6pH L4tF8FQSKdRjwYvHFuwHtKFstpN27WYT djdCCf0FXjwo4tWf5M1/47bNQVtfWHh4 Z4adeYNEcG1c99spbG3v7O4V90sHh0f HJ+XTs46OU8WwzWIRq15ANQousW24Edh LFNIoENgNpneLevcJleaxfDCzBP2IjiU POaPGWi06LFfcqrsU2QQvhwrkag7LX4N RzNIIpWGCat333MT4GVWGM4Hz0iDVmF A2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyN L9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt3 7GZZIalGz1UZgKYmKyuJqMuEJmxMwCZY rbXQmbUEWZsdmUbAje+smb0LmpepZbtU qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8w pvz6Lw4787HqrXg5DPn8EfO5w+/KYzX< /latexit><latexit sha1_ba se64="BqxKyohfuZK4UkYEG9pGCIF/Pp M=">AAAB6HicbZBNS8NAEIYn9avWr6pH L4tF8FQSKdRjwYvHFuwHtKFstpN27WYT djdCCf0FXjwo4tWf5M1/47bNQVtfWHh4 Z4adeYNEcG1c99spbG3v7O4V90sHh0f HJ+XTs46OU8WwzWIRq15ANQousW24Edh LFNIoENgNpneLevcJleaxfDCzBP2IjiU POaPGWi06LFfcqrsU2QQvhwrkag7LX4N RzNIIpWGCat333MT4GVWGM4Hz0iDVmF A2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyN L9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt3 7GZZIalGz1UZgKYmKyuJqMuEJmxMwCZY rbXQmbUEWZsdmUbAje+smb0LmpepZbtU qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8w pvz6Lw4787HqrXg5DPn8EfO5w+/KYzX< /latexit><latexit sha1_ba se64="BqxKyohfuZK4UkYEG9pGCIF/Pp M=">AAAB6HicbZBNS8NAEIYn9avWr6pH L4tF8FQSKdRjwYvHFuwHtKFstpN27WYT djdCCf0FXjwo4tWf5M1/47bNQVtfWHh4 Z4adeYNEcG1c99spbG3v7O4V90sHh0f HJ+XTs46OU8WwzWIRq15ANQousW24Edh LFNIoENgNpneLevcJleaxfDCzBP2IjiU POaPGWi06LFfcqrsU2QQvhwrkag7LX4N RzNIIpWGCat333MT4GVWGM4Hz0iDVmF A2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyN L9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt3 7GZZIalGz1UZgKYmKyuJqMuEJmxMwCZY rbXQmbUEWZsdmUbAje+smb0LmpepZbtU qjlsdRhAu4hGvwoA4NuIcmtIEBwjO8w pvz6Lw4787HqrXg5DPn8EfO5w+/KYzX< /latexit>
b
<latexit sha1_base64="AeMJS4Zve9 80dZjymK/2xpflTW4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWq1gWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYn xM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdET UTvV5bmP/V+qkJb/2MyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2R C89ZM3oXNT9Sy3apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvBy WfO4Y+czx/ArYzY</latexit><latexit sha1_base64="AeMJS4Zve9 80dZjymK/2xpflTW4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWq1gWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYn xM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdET UTvV5bmP/V+qkJb/2MyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2R C89ZM3oXNT9Sy3apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvBy WfO4Y+czx/ArYzY</latexit><latexit sha1_base64="AeMJS4Zve9 80dZjymK/2xpflTW4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWq1gWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYn xM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdET UTvV5bmP/V+qkJb/2MyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2R C89ZM3oXNT9Sy3apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvBy WfO4Y+czx/ArYzY</latexit><latexit sha1_base64="AeMJS4Zve9 80dZjymK/2xpflTW4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWq1gWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYn xM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdET UTvV5bmP/V+qkJb/2MyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2R C89ZM3oXNT9Sy3apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvBy WfO4Y+czx/ArYzY</latexit>
c
<latexit sha1_base64="r3ejAKtl8d Lj9kbqri6Oudn5p3g=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi02LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w/CMYzZ</latexit><latexit sha1_base64="r3ejAKtl8d Lj9kbqri6Oudn5p3g=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi02LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w/CMYzZ</latexit><latexit sha1_base64="r3ejAKtl8d Lj9kbqri6Oudn5p3g=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi02LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w/CMYzZ</latexit><latexit sha1_base64="r3ejAKtl8d Lj9kbqri6Oudn5p3g=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi02LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w/CMYzZ</latexit>
a
<latexit sha1_base64="BqxKyohfuZ K4UkYEG9pGCIF/PpM=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w+/KYzX</latexit><latexit sha1_base64="BqxKyohfuZ K4UkYEG9pGCIF/PpM=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w+/KYzX</latexit><latexit sha1_base64="BqxKyohfuZ K4UkYEG9pGCIF/PpM=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w+/KYzX</latexit><latexit sha1_base64="BqxKyohfuZ K4UkYEG9pGCIF/PpM=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w+/KYzX</latexit>
 
<latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit>
a
<latexit sha1_base64="BqxKyohfuZ K4UkYEG9pGCIF/PpM=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w+/KYzX</latexit><latexit sha1_base64="BqxKyohfuZ K4UkYEG9pGCIF/PpM=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w+/KYzX</latexit><latexit sha1_base64="BqxKyohfuZ K4UkYEG9pGCIF/PpM=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w+/KYzX</latexit><latexit sha1_base64="BqxKyohfuZ K4UkYEG9pGCIF/PpM=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w+/KYzX</latexit>
a
<latexit sha1_base64="BqxKyohfuZ K4UkYEG9pGCIF/PpM=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w+/KYzX</latexit><latexit sha1_base64="BqxKyohfuZ K4UkYEG9pGCIF/PpM=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w+/KYzX</latexit><latexit sha1_base64="BqxKyohfuZ K4UkYEG9pGCIF/PpM=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w+/KYzX</latexit><latexit sha1_base64="BqxKyohfuZ K4UkYEG9pGCIF/PpM=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWi06LFfcqrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT 4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny0Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJ qJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJqMuEJmxMwCZYrbXQmbUEWZsdmUbA je+smb0LmpepZbtUqjlsdRhAu4hGvwoA4NuIcmtIEBwjO8wpvz6Lw4787HqrXg5 DPn8EfO5w+/KYzX</latexit>
 
<latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit><latexit sha1_base64="hf4FI+Q3xw 5AN9LocCmV/nHsnu8=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosePFY wbSFNpTNZtMu3eyG3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igT3KDnfTu Vjc2t7Z3qbm1v/+DwqH580jEq15QFVAmlexExTHDJAuQoWC/TjKSRYN1ocjevd5+ YNlzJR5xmLEzJSPKEU4LWCgYqVjisN7ymt5C7Dn4JDSjVHta/BrGiecokUkGM6ft ehmFBNHIq2Kw2yA3LCJ2QEetblCRlJiwWy87cC+vEbqK0fRLdhft7oiCpMdM0sp 0pwbFZrc3N/2r9HJPbsOAyy5FJuvwoyYWLyp1f7sZcM4piaoFQze2uLh0TTSjafG o2BH/15HXoXDV9yw/XjdZ1GUcVzuAcLsGHG2jBPbQhAAocnuEV3hzpvDjvzseyt eKUM6fwR87nD+cqjrA=</latexit>
b
<latexit sha1_base64="AeMJS4Zve9 80dZjymK/2xpflTW4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWq1gWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYn xM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdET UTvV5bmP/V+qkJb/2MyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2R C89ZM3oXNT9Sy3apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvBy WfO4Y+czx/ArYzY</latexit><latexit sha1_base64="AeMJS4Zve9 80dZjymK/2xpflTW4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWq1gWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYn xM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdET UTvV5bmP/V+qkJb/2MyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2R C89ZM3oXNT9Sy3apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvBy WfO4Y+czx/ArYzY</latexit><latexit sha1_base64="AeMJS4Zve9 80dZjymK/2xpflTW4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWq1gWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYn xM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdET UTvV5bmP/V+qkJb/2MyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2R C89ZM3oXNT9Sy3apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvBy WfO4Y+czx/ArYzY</latexit><latexit sha1_base64="AeMJS4Zve9 80dZjymK/2xpflTW4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevc JleaxfDCzBP2IjiUPOaPGWq1gWK64VXcpsgleDhXI1RyWvwajmKURSsME1brvuYn xM6oMZwLnpUGqMaFsSsfYtyhphNrPlovOyZV1RiSMlX3SkKX7eyKjkdazKLCdET UTvV5bmP/V+qkJb/2MyyQ1KNnqozAVxMRkcTUZcYXMiJkFyhS3uxI2oYoyY7Mp2R C89ZM3oXNT9Sy3apVGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvBy WfO4Y+czx/ArYzY</latexit>
p1
<latexit sha1_ba se64="zCLnLU08esy4y2JDR3R4aUla7s 4=">AAAB6nicbZBNS8NAEIYn9avWr6pH L4tF8FQSKeix4MVjRdMW2lA22027dLMJ uxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8 M8POvGEqhUHX/XZKG5tb2zvl3cre/sH hUfX4pG2STDPus0QmuhtSw6VQ3EeBknd TzWkcSt4JJ7fzeueJayMS9YjTlAcxHSk RCUbRWg/pwBtUa27dXYisg1dADQq1BtW v/jBhWcwVMkmN6XluikFONQom+azSzw xPKZvQEe9ZVDTmJsgXq87IhXWGJEq0fQ rJwv09kdPYmGkc2s6Y4tis1ubmf7Veht FNkAuVZsgVW34UZZJgQuZ3k6HQnKGcWq BMC7srYWOqKUObTsWG4K2evA7tq7pn+b 5RazaKOMpwBudwCR5cQxPuoAU+MBjBM 7zCmyOdF+fd+Vi2lpxi5hT+yPn8Afs9j Yo=</latexit><latexit sha1_ba se64="zCLnLU08esy4y2JDR3R4aUla7s 4=">AAAB6nicbZBNS8NAEIYn9avWr6pH L4tF8FQSKeix4MVjRdMW2lA22027dLMJ uxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8 M8POvGEqhUHX/XZKG5tb2zvl3cre/sH hUfX4pG2STDPus0QmuhtSw6VQ3EeBknd TzWkcSt4JJ7fzeueJayMS9YjTlAcxHSk RCUbRWg/pwBtUa27dXYisg1dADQq1BtW v/jBhWcwVMkmN6XluikFONQom+azSzw xPKZvQEe9ZVDTmJsgXq87IhXWGJEq0fQ rJwv09kdPYmGkc2s6Y4tis1ubmf7Veht FNkAuVZsgVW34UZZJgQuZ3k6HQnKGcWq BMC7srYWOqKUObTsWG4K2evA7tq7pn+b 5RazaKOMpwBudwCR5cQxPuoAU+MBjBM 7zCmyOdF+fd+Vi2lpxi5hT+yPn8Afs9j Yo=</latexit><latexit sha1_ba se64="zCLnLU08esy4y2JDR3R4aUla7s 4=">AAAB6nicbZBNS8NAEIYn9avWr6pH L4tF8FQSKeix4MVjRdMW2lA22027dLMJ uxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8 M8POvGEqhUHX/XZKG5tb2zvl3cre/sH hUfX4pG2STDPus0QmuhtSw6VQ3EeBknd TzWkcSt4JJ7fzeueJayMS9YjTlAcxHSk RCUbRWg/pwBtUa27dXYisg1dADQq1BtW v/jBhWcwVMkmN6XluikFONQom+azSzw xPKZvQEe9ZVDTmJsgXq87IhXWGJEq0fQ rJwv09kdPYmGkc2s6Y4tis1ubmf7Veht FNkAuVZsgVW34UZZJgQuZ3k6HQnKGcWq BMC7srYWOqKUObTsWG4K2evA7tq7pn+b 5RazaKOMpwBudwCR5cQxPuoAU+MBjBM 7zCmyOdF+fd+Vi2lpxi5hT+yPn8Afs9j Yo=</latexit><latexit sha1_ba se64="zCLnLU08esy4y2JDR3R4aUla7s 4=">AAAB6nicbZBNS8NAEIYn9avWr6pH L4tF8FQSKeix4MVjRdMW2lA22027dLMJ uxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8 M8POvGEqhUHX/XZKG5tb2zvl3cre/sH hUfX4pG2STDPus0QmuhtSw6VQ3EeBknd TzWkcSt4JJ7fzeueJayMS9YjTlAcxHSk RCUbRWg/pwBtUa27dXYisg1dADQq1BtW v/jBhWcwVMkmN6XluikFONQom+azSzw xPKZvQEe9ZVDTmJsgXq87IhXWGJEq0fQ rJwv09kdPYmGkc2s6Y4tis1ubmf7Veht FNkAuVZsgVW34UZZJgQuZ3k6HQnKGcWq BMC7srYWOqKUObTsWG4K2evA7tq7pn+b 5RazaKOMpwBudwCR5cQxPuoAU+MBjBM 7zCmyOdF+fd+Vi2lpxi5hT+yPn8Afs9j Yo=</latexit>
p2
<latexit sha1_base64="yeKJFrsXU8 0HnFxHI2dtmAju3PM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSUqjHgheP Fe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0 UtrZ3dveK+6WDw6Pjk/LpWcfEqWa8zWIZ615ADZdC8TYKlLyXaE6jQPJuML1d1Lt PXBsRq0ecJdyP6FiJUDCK1npIhrVhueJW3aXIJng5VCBXa1j+GoxilkZcIZPUmL7 nJuhnVKNgks9Lg9TwhLIpHfO+RUUjbvxsueqcXFlnRMJY26eQLN3fExmNjJlFge 2MKE7Mem1h/lfrpxje+JlQSYpcsdVHYSoJxmRxNxkJzRnKmQXKtLC7EjahmjK06Z RsCN76yZvQqVU9y/f1SrOex1GEC7iEa/CgAU24gxa0gcEYnuEV3hzpvDjvzseqt eDkM+fwR87nD/zBjYs=</latexit><latexit sha1_base64="yeKJFrsXU8 0HnFxHI2dtmAju3PM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSUqjHgheP Fe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0 UtrZ3dveK+6WDw6Pjk/LpWcfEqWa8zWIZ615ADZdC8TYKlLyXaE6jQPJuML1d1Lt PXBsRq0ecJdyP6FiJUDCK1npIhrVhueJW3aXIJng5VCBXa1j+GoxilkZcIZPUmL7 nJuhnVKNgks9Lg9TwhLIpHfO+RUUjbvxsueqcXFlnRMJY26eQLN3fExmNjJlFge 2MKE7Mem1h/lfrpxje+JlQSYpcsdVHYSoJxmRxNxkJzRnKmQXKtLC7EjahmjK06Z RsCN76yZvQqVU9y/f1SrOex1GEC7iEa/CgAU24gxa0gcEYnuEV3hzpvDjvzseqt eDkM+fwR87nD/zBjYs=</latexit><latexit sha1_base64="yeKJFrsXU8 0HnFxHI2dtmAju3PM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSUqjHgheP Fe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0 UtrZ3dveK+6WDw6Pjk/LpWcfEqWa8zWIZ615ADZdC8TYKlLyXaE6jQPJuML1d1Lt PXBsRq0ecJdyP6FiJUDCK1npIhrVhueJW3aXIJng5VCBXa1j+GoxilkZcIZPUmL7 nJuhnVKNgks9Lg9TwhLIpHfO+RUUjbvxsueqcXFlnRMJY26eQLN3fExmNjJlFge 2MKE7Mem1h/lfrpxje+JlQSYpcsdVHYSoJxmRxNxkJzRnKmQXKtLC7EjahmjK06Z RsCN76yZvQqVU9y/f1SrOex1GEC7iEa/CgAU24gxa0gcEYnuEV3hzpvDjvzseqt eDkM+fwR87nD/zBjYs=</latexit><latexit sha1_base64="yeKJFrsXU8 0HnFxHI2dtmAju3PM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSUqjHgheP Fe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0 UtrZ3dveK+6WDw6Pjk/LpWcfEqWa8zWIZ615ADZdC8TYKlLyXaE6jQPJuML1d1Lt PXBsRq0ecJdyP6FiJUDCK1npIhrVhueJW3aXIJng5VCBXa1j+GoxilkZcIZPUmL7 nJuhnVKNgks9Lg9TwhLIpHfO+RUUjbvxsueqcXFlnRMJY26eQLN3fExmNjJlFge 2MKE7Mem1h/lfrpxje+JlQSYpcsdVHYSoJxmRxNxkJzRnKmQXKtLC7EjahmjK06Z RsCN76yZvQqVU9y/f1SrOex1GEC7iEa/CgAU24gxa0gcEYnuEV3hzpvDjvzseqt eDkM+fwR87nD/zBjYs=</latexit>
p3
<latexit sha1_base64="nvPCcyEqGv c65FiwQU/FSYSOLws=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLdRjwYvH ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XY KG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650 nro2I1SNOE+5HdKREKBhFaz0kg+tBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7 nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge 2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06Z RsCN7qyevQvqp6lu9rlUYtj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la 8HJZ07hj5zPH/5FjYw=</latexit><latexit sha1_base64="nvPCcyEqGv c65FiwQU/FSYSOLws=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLdRjwYvH ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XY KG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650 nro2I1SNOE+5HdKREKBhFaz0kg+tBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7 nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge 2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06Z RsCN7qyevQvqp6lu9rlUYtj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la 8HJZ07hj5zPH/5FjYw=</latexit><latexit sha1_base64="nvPCcyEqGv c65FiwQU/FSYSOLws=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLdRjwYvH ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XY KG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650 nro2I1SNOE+5HdKREKBhFaz0kg+tBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7 nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge 2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06Z RsCN7qyevQvqp6lu9rlUYtj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la 8HJZ07hj5zPH/5FjYw=</latexit><latexit sha1_base64="nvPCcyEqGv c65FiwQU/FSYSOLws=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLdRjwYvH ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XY KG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO650 nro2I1SNOE+5HdKREKBhFaz0kg+tBueJW3YXIOng5VCBXc1D+6g9jlkZcIZPUmJ7 nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge 2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06Z RsCN7qyevQvqp6lu9rlUYtj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la 8HJZ07hj5zPH/5FjYw=</latexit>
p4
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v3
<latexit sha1_base64="NgrFx/JBik jR0a7O+X3fJ8RkpEU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVj RfsBbSib7aRdutmE3U2hhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0 UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vT1 BpXksn8w0QT+iQ8lDzqix1uOkf90vV9yquxBZBy+HCuRq9MtfvUHM0gilYYJq3fX cxPgZVYYzgbNSL9WYUDamQ+xalDRC7WeLVWfkwjoDEsbKPmnIwv09kdFI62kU2M 6ImpFerc3N/2rd1IS3fsZlkhqUbPlRmApiYjK/mwy4QmbE1AJlittdCRtRRZmx6Z RsCN7qyevQuqp6lh9qlXotj6MIZ3AOl+DBDdThHhrQBAZDeIZXeHOE8+K8Ox/L1 oKTz5zCHzmfPwd4jZI=</latexit><latexit sha1_base64="NgrFx/JBik jR0a7O+X3fJ8RkpEU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVj RfsBbSib7aRdutmE3U2hhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0 UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vT1 BpXksn8w0QT+iQ8lDzqix1uOkf90vV9yquxBZBy+HCuRq9MtfvUHM0gilYYJq3fX cxPgZVYYzgbNSL9WYUDamQ+xalDRC7WeLVWfkwjoDEsbKPmnIwv09kdFI62kU2M 6ImpFerc3N/2rd1IS3fsZlkhqUbPlRmApiYjK/mwy4QmbE1AJlittdCRtRRZmx6Z RsCN7qyevQuqp6lh9qlXotj6MIZ3AOl+DBDdThHhrQBAZDeIZXeHOE8+K8Ox/L1 oKTz5zCHzmfPwd4jZI=</latexit><latexit sha1_base64="NgrFx/JBik jR0a7O+X3fJ8RkpEU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVj RfsBbSib7aRdutmE3U2hhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0 UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vT1 BpXksn8w0QT+iQ8lDzqix1uOkf90vV9yquxBZBy+HCuRq9MtfvUHM0gilYYJq3fX cxPgZVYYzgbNSL9WYUDamQ+xalDRC7WeLVWfkwjoDEsbKPmnIwv09kdFI62kU2M 6ImpFerc3N/2rd1IS3fsZlkhqUbPlRmApiYjK/mwy4QmbE1AJlittdCRtRRZmx6Z RsCN7qyevQuqp6lh9qlXotj6MIZ3AOl+DBDdThHhrQBAZDeIZXeHOE8+K8Ox/L1 oKTz5zCHzmfPwd4jZI=</latexit><latexit sha1_base64="NgrFx/JBik jR0a7O+X3fJ8RkpEU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVj RfsBbSib7aRdutmE3U2hhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0 UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vT1 BpXksn8w0QT+iQ8lDzqix1uOkf90vV9yquxBZBy+HCuRq9MtfvUHM0gilYYJq3fX cxPgZVYYzgbNSL9WYUDamQ+xalDRC7WeLVWfkwjoDEsbKPmnIwv09kdFI62kU2M 6ImpFerc3N/2rd1IS3fsZlkhqUbPlRmApiYjK/mwy4QmbE1AJlittdCRtRRZmx6Z RsCN7qyevQuqp6lh9qlXotj6MIZ3AOl+DBDdThHhrQBAZDeIZXeHOE8+K8Ox/L1 oKTz5zCHzmfPwd4jZI=</latexit>
v4
<latexit sha1_base64="E5MD5XnKqU KA3DFEtVnKahAFYqU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH ivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJneLeme KSvNYPplZgn5ER5KHnFFjrcfpoDYoV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fP cxPgZVYYzgfNSP9WYUDahI+xZlDRC7WfLVefkyjpDEsbKPmnI0v09kdFI61kU2M 6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6Z RsCN76yZvQvql6lh9qlUYtj6MIF3AJ1+BBHRpwD01oAYMRPMMrvDnCeXHenY9Va 8HJZ87hj5zPHwj8jZM=</latexit><latexit sha1_base64="E5MD5XnKqU KA3DFEtVnKahAFYqU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH ivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJneLeme KSvNYPplZgn5ER5KHnFFjrcfpoDYoV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fP cxPgZVYYzgfNSP9WYUDahI+xZlDRC7WfLVefkyjpDEsbKPmnI0v09kdFI61kU2M 6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6Z RsCN76yZvQvql6lh9qlUYtj6MIF3AJ1+BBHRpwD01oAYMRPMMrvDnCeXHenY9Va 8HJZ87hj5zPHwj8jZM=</latexit><latexit sha1_base64="E5MD5XnKqU KA3DFEtVnKahAFYqU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH ivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJneLeme KSvNYPplZgn5ER5KHnFFjrcfpoDYoV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fP cxPgZVYYzgfNSP9WYUDahI+xZlDRC7WfLVefkyjpDEsbKPmnI0v09kdFI61kU2M 6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6Z RsCN76yZvQvql6lh9qlUYtj6MIF3AJ1+BBHRpwD01oAYMRPMMrvDnCeXHenY9Va 8HJZ87hj5zPHwj8jZM=</latexit><latexit sha1_base64="E5MD5XnKqU KA3DFEtVnKahAFYqU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH ivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJneLeme KSvNYPplZgn5ER5KHnFFjrcfpoDYoV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fP cxPgZVYYzgfNSP9WYUDahI+xZlDRC7WfLVefkyjpDEsbKPmnI0v09kdFI61kU2M 6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6Z RsCN76yZvQvql6lh9qlUYtj6MIF3AJ1+BBHRpwD01oAYMRPMMrvDnCeXHenY9Va 8HJZ87hj5zPHwj8jZM=</latexit>
v5
<latexit sha1_base64="VQxAmSG0x7 6mrnVl0gLd2vw7WU4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSqeix4MVj RfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XY KG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/N6+0 J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7 nJuhnVKNgks9KvdTwhLIxHfKuRUUjbvxsseqMXFhnQMJY26eQLNzfExmNjJlGge 2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06Z RsCN7qyevQuqp6lh9qlXotj6MIZ3AOl+DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1 oKTz5zCHzmfPwqAjZQ=</latexit><latexit sha1_base64="VQxAmSG0x7 6mrnVl0gLd2vw7WU4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSqeix4MVj RfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XY KG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/N6+0 J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7 nJuhnVKNgks9KvdTwhLIxHfKuRUUjbvxsseqMXFhnQMJY26eQLNzfExmNjJlGge 2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06Z RsCN7qyevQuqp6lh9qlXotj6MIZ3AOl+DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1 oKTz5zCHzmfPwqAjZQ=</latexit><latexit sha1_base64="VQxAmSG0x7 6mrnVl0gLd2vw7WU4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSqeix4MVj RfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XY KG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/N6+0 J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7 nJuhnVKNgks9KvdTwhLIxHfKuRUUjbvxsseqMXFhnQMJY26eQLNzfExmNjJlGge 2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06Z RsCN7qyevQuqp6lh9qlXotj6MIZ3AOl+DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1 oKTz5zCHzmfPwqAjZQ=</latexit><latexit sha1_base64="VQxAmSG0x7 6mrnVl0gLd2vw7WU4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSqeix4MVj RfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XY KG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/N6+0 J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7 nJuhnVKNgks9KvdTwhLIxHfKuRUUjbvxsseqMXFhnQMJY26eQLNzfExmNjJlGge 2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06Z RsCN7qyevQuqp6lh9qlXotj6MIZ3AOl+DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1 oKTz5zCHzmfPwqAjZQ=</latexit>
v6
<latexit sha1_base64="9lRhXHumU8 cd64o+SoUeHPVUhAA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeqx4MVj RfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XY KG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/N6+0 J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7 nJuhnVKNgks9KvdTwhLIxHfKuRUUjbvxsseqMXFhnQMJY26eQLNzfExmNjJlGge 2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06Z RsCN7qyevQuqp6lh9qlXotj6MIZ3AOl+DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1 oKTz5zCHzmfPwwEjZU=</latexit><latexit sha1_base64="9lRhXHumU8 cd64o+SoUeHPVUhAA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeqx4MVj RfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XY KG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/N6+0 J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7 nJuhnVKNgks9KvdTwhLIxHfKuRUUjbvxsseqMXFhnQMJY26eQLNzfExmNjJlGge 2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06Z RsCN7qyevQuqp6lh9qlXotj6MIZ3AOl+DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1 oKTz5zCHzmfPwwEjZU=</latexit><latexit sha1_base64="9lRhXHumU8 cd64o+SoUeHPVUhAA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeqx4MVj RfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XY KG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/N6+0 J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7 nJuhnVKNgks9KvdTwhLIxHfKuRUUjbvxsseqMXFhnQMJY26eQLNzfExmNjJlGge 2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06Z RsCN7qyevQuqp6lh9qlXotj6MIZ3AOl+DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1 oKTz5zCHzmfPwwEjZU=</latexit><latexit sha1_base64="9lRhXHumU8 cd64o+SoUeHPVUhAA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeqx4MVj RfsBbSib7aZdutmE3UmhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XY KG5tb2zvF3dLe/sHhUfn4pGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/N6+0 J10bE6gmnCfcjOlQiFIyitR4n/et+ueJW3YXIOng5VCBXo1/+6g1ilkZcIZPUmK7 nJuhnVKNgks9KvdTwhLIxHfKuRUUjbvxsseqMXFhnQMJY26eQLNzfExmNjJlGge 2MKI7Mam1u/lfrphje+plQSYpcseVHYSoJxmR+NxkIzRnKqQXKtLC7EjaimjK06Z RsCN7qyevQuqp6lh9qlXotj6MIZ3AOl+DBDdThHhrQBAZDeIZXeHOk8+K8Ox/L1 oKTz5zCHzmfPwwEjZU=</latexit>
v7
<latexit sha1_base64="1MCMjfjUoS VMNveGZISQ1VDywII=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH ivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJneLeme KSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fP cxPgZVYYzgfNSP9WYUDahI+xZlDRC7WfLVefkyjpDEsbKPmnI0v09kdFI61kU2M 6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6Z RsCN76yZvQvql6lh9qlUYtj6MIF3AJ1+BBHRpwD01oAYMRPMMrvDnCeXHenY9Va 8HJZ87hj5zPHw2IjZY=</latexit><latexit sha1_base64="1MCMjfjUoS VMNveGZISQ1VDywII=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH ivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJneLeme KSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fP cxPgZVYYzgfNSP9WYUDahI+xZlDRC7WfLVefkyjpDEsbKPmnI0v09kdFI61kU2M 6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6Z RsCN76yZvQvql6lh9qlUYtj6MIF3AJ1+BBHRpwD01oAYMRPMMrvDnCeXHenY9Va 8HJZ87hj5zPHw2IjZY=</latexit><latexit sha1_base64="1MCMjfjUoS VMNveGZISQ1VDywII=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH ivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJneLeme KSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fP cxPgZVYYzgfNSP9WYUDahI+xZlDRC7WfLVefkyjpDEsbKPmnI0v09kdFI61kU2M 6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6Z RsCN76yZvQvql6lh9qlUYtj6MIF3AJ1+BBHRpwD01oAYMRPMMrvDnCeXHenY9Va 8HJZ87hj5zPHw2IjZY=</latexit><latexit sha1_base64="1MCMjfjUoS VMNveGZISQ1VDywII=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvH ivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJneLeme KSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fP cxPgZVYYzgfNSP9WYUDahI+xZlDRC7WfLVefkyjpDEsbKPmnI0v09kdFI61kU2M 6ImrFery3M/2q91IS3fsZlkhqUbPVRmApiYrK4mwy5QmbEzAJlittdCRtTRZmx6Z RsCN76yZvQvql6lh9qlUYtj6MIF3AJ1+BBHRpwD01oAYMRPMMrvDnCeXHenY9Va 8HJZ87hj5zPHw2IjZY=</latexit>
v8
<latexit sha1_base64="/hlhhf4tO0 idjo+5/Aez916xxww=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdhjwYvH ivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJneLeme KSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fP cxPgZVYYzgfNSP9WYUDahI+xZlDRC7WfLVefkyjpDEsbKPmnI0v09kdFI61kU2M 6ImrFery3M/2q91IR1P+MySQ1KtvooTAUxMVncTYZcITNiZoEyxe2uhI2poszYdE o2BG/95E1o31Q9yw+1SqOWx1GEC7iEa/DgFhpwD01oAYMRPMMrvDnCeXHenY9Va 8HJZ87hj5zPHw8MjZc=</latexit><latexit sha1_base64="/hlhhf4tO0 idjo+5/Aez916xxww=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdhjwYvH ivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJneLeme KSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fP cxPgZVYYzgfNSP9WYUDahI+xZlDRC7WfLVefkyjpDEsbKPmnI0v09kdFI61kU2M 6ImrFery3M/2q91IR1P+MySQ1KtvooTAUxMVncTYZcITNiZoEyxe2uhI2poszYdE o2BG/95E1o31Q9yw+1SqOWx1GEC7iEa/DgFhpwD01oAYMRPMMrvDnCeXHenY9Va 8HJZ87hj5zPHw8MjZc=</latexit><latexit sha1_base64="/hlhhf4tO0 idjo+5/Aez916xxww=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdhjwYvH ivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJneLeme KSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fP cxPgZVYYzgfNSP9WYUDahI+xZlDRC7WfLVefkyjpDEsbKPmnI0v09kdFI61kU2M 6ImrFery3M/2q91IR1P+MySQ1KtvooTAUxMVncTYZcITNiZoEyxe2uhI2poszYdE o2BG/95E1o31Q9yw+1SqOWx1GEC7iEa/DgFhpwD01oAYMRPMMrvDnCeXHenY9Va 8HJZ87hj5zPHw8MjZc=</latexit><latexit sha1_base64="/hlhhf4tO0 idjo+5/Aez916xxww=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdhjwYvH ivYD2lA220m7dLMJu5tCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99s pbG3v7O4V90sHh0fHJ+XTs7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJneLeme KSvNYPplZgn5ER5KHnFFjrcfpoD4oV9yquxTZBC+HCuRqDspf/WHM0gilYYJq3fP cxPgZVYYzgfNSP9WYUDahI+xZlDRC7WfLVefkyjpDEsbKPmnI0v09kdFI61kU2M 6ImrFery3M/2q91IR1P+MySQ1KtvooTAUxMVncTYZcITNiZoEyxe2uhI2poszYdE o2BG/95E1o31Q9yw+1SqOWx1GEC7iEa/DgFhpwD01oAYMRPMMrvDnCeXHenY9Va 8HJZ87hj5zPHw8MjZc=</latexit>
(a)
<latexit sha1_base64="RaKubww8bH A7bv0Y71M1/0w+EPc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSFEGPBS8e K9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rd T2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTG7n9c4 TKs1j+WimCfoRHUkeckaNtR6q9HJQrrg1dyGyDl4OFcjVHJS/+sOYpRFKwwTVuue 5ifEzqgxnAmelfqoxoWxCR9izKGmE2s8Wq87IhXWGJIyVfdKQhft7IqOR1tMosJ 0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+NxlyhcyIqQXKFLe7EjamijJj0y nZELzVk9ehXa95lu/rlcZVHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1 oKTz5zCHzmfP4PXjTo=</latexit><latexit sha1_base64="RaKubww8bH A7bv0Y71M1/0w+EPc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSFEGPBS8e K9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rd T2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTG7n9c4 TKs1j+WimCfoRHUkeckaNtR6q9HJQrrg1dyGyDl4OFcjVHJS/+sOYpRFKwwTVuue 5ifEzqgxnAmelfqoxoWxCR9izKGmE2s8Wq87IhXWGJIyVfdKQhft7IqOR1tMosJ 0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+NxlyhcyIqQXKFLe7EjamijJj0y nZELzVk9ehXa95lu/rlcZVHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1 oKTz5zCHzmfP4PXjTo=</latexit><latexit sha1_base64="RaKubww8bH A7bv0Y71M1/0w+EPc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSFEGPBS8e K9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rd T2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTG7n9c4 TKs1j+WimCfoRHUkeckaNtR6q9HJQrrg1dyGyDl4OFcjVHJS/+sOYpRFKwwTVuue 5ifEzqgxnAmelfqoxoWxCR9izKGmE2s8Wq87IhXWGJIyVfdKQhft7IqOR1tMosJ 0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+NxlyhcyIqQXKFLe7EjamijJj0y nZELzVk9ehXa95lu/rlcZVHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1 oKTz5zCHzmfP4PXjTo=</latexit><latexit sha1_base64="RaKubww8bH A7bv0Y71M1/0w+EPc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSFEGPBS8e K9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rd T2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTG7n9c4 TKs1j+WimCfoRHUkeckaNtR6q9HJQrrg1dyGyDl4OFcjVHJS/+sOYpRFKwwTVuue 5ifEzqgxnAmelfqoxoWxCR9izKGmE2s8Wq87IhXWGJIyVfdKQhft7IqOR1tMosJ 0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+NxlyhcyIqQXKFLe7EjamijJj0y nZELzVk9ehXa95lu/rlcZVHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1 oKTz5zCHzmfP4PXjTo=</latexit>
(b)
<latexit sha1_base64="/IZxkdWWXhp/Wt2hgTFqXWy1ERc=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tFqJeSFEGPBS8eK9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8U iVt2AahRcYstwI7CbKKRRILATTG7n9c4TKs1j+WimCfoRHUkeckaNtR6qweWgXHFr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ 8tVp2RC+sMSRgr+6QhC/f3REYjradRYDsjasZ6tTY3/6v1UhPe+BmXSWpQsuVHYSqIicn8bjLkCpkRUwuUKW53JWxMFWXGplOyIXirJ69Du17zLN/XK42rPI4inME5V MGDa2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3I+fwCFXI07</latexit><latexit sha1_base64="/IZxkdWWXhp/Wt2hgTFqXWy1ERc=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tFqJeSFEGPBS8eK9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8U iVt2AahRcYstwI7CbKKRRILATTG7n9c4TKs1j+WimCfoRHUkeckaNtR6qweWgXHFr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ 8tVp2RC+sMSRgr+6QhC/f3REYjradRYDsjasZ6tTY3/6v1UhPe+BmXSWpQsuVHYSqIicn8bjLkCpkRUwuUKW53JWxMFWXGplOyIXirJ69Du17zLN/XK42rPI4inME5V MGDa2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3I+fwCFXI07</latexit><latexit sha1_base64="/IZxkdWWXhp/Wt2hgTFqXWy1ERc=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tFqJeSFEGPBS8eK9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8U iVt2AahRcYstwI7CbKKRRILATTG7n9c4TKs1j+WimCfoRHUkeckaNtR6qweWgXHFr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ 8tVp2RC+sMSRgr+6QhC/f3REYjradRYDsjasZ6tTY3/6v1UhPe+BmXSWpQsuVHYSqIicn8bjLkCpkRUwuUKW53JWxMFWXGplOyIXirJ69Du17zLN/XK42rPI4inME5V MGDa2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3I+fwCFXI07</latexit><latexit sha1_base64="/IZxkdWWXhp/Wt2hgTFqXWy1ERc=">AAAB6nicbZBN S8NAEIYn9avWr6pHL4tFqJeSFEGPBS8eK9oPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8U iVt2AahRcYstwI7CbKKRRILATTG7n9c4TKs1j+WimCfoRHUkeckaNtR6qweWgXHFr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ 8tVp2RC+sMSRgr+6QhC/f3REYjradRYDsjasZ6tTY3/6v1UhPe+BmXSWpQsuVHYSqIicn8bjLkCpkRUwuUKW53JWxMFWXGplOyIXirJ69Du17zLN/XK42rPI4inME5V MGDa2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3I+fwCFXI07</latexit>
{a}
<latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit>
{a}
<latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit><latexit sha1_base64="XB9XlcrHcH3PT1FkX3tHfWDFVPU=">AAAB7HicbZBN S8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgmkLTSiT7aZdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3igTXBvX/XYqG5tb2zvV3dre/sHhUf34pKPTXFHm01S kqhehZoJL5htuBOtlimESCdaNJnfzeveJKc1T+WimGQsTHEkec4rGWn5QYDAb1Btu012IrINXQgNKtQf1r2CY0jxh0lCBWvc9NzNhgcpwKtisFuSaZUgnOGJ9ixITps NiseyMXFhnSOJU2ScNWbi/JwpMtJ4mke1M0Iz1am1u/lfr5ya+DQsus9wwSZcfxbkgJiXzy8mQK0aNmFpAqrjdldAxKqTG5lOzIXirJ69D56rpWX64brSuyziqcAbnc Ake3EAL7qENPlDg8Ayv8OZI58V5dz6WrRWnnDmFP3I+fwDlsY6v</latexit>
Figure 2: (a) The expression a(a∗)(aba)∗(b|c). (b) The data structure for internal transitions.
Non-empty labels of internal nodes are shown above the nodes.
is the set of positions that can follow position p in a sequence for some string in L(R). For a
node v, R(v) is the subexpression of R rooted at v. We extend the notation to subexpressions by
defining Pos(v), first(v), last(v), and follow(v, p) as above for R(v). For instance, in Figure 2(a) we
have first(v4) = {p2, p3}, last(v4) = {p2, p5}, and follow(v4, p2) = {p2, p3}. For our purposes, we also
define the first extent and last extent of a position p, respectively, to be the set of nodes in R given
by firstextent(p) = {v | p ∈ first(v)} and lastextent(p) = {v | p ∈ last(v)}. By standard properties of
first and last sets, both firstextent(p) and lastextent(p) are paths of nodes in R from p to an ancestor
of p. For a set of positions P , we write firstextent(P ) =
⋃
p∈P firstextent(p) and lastextent(P ) =⋃
p∈P lastextent(p). For instance, in Figure 2(a) we have firstextent({p3, p6}) = {p3, v7, v6, v4, p6, v3}.
We need the following properties:
Lemma 3 Let u and v be nodes in R such that u is an ancestor of v. Then, if v ∈ firstextent(p)
for some p ∈ first(u) then first(v) ⊆ first(u), and if v ∈ lastextent(p) for some p ∈ last(u) then
last(v) ⊆ last(u).
A finite automaton is a tuple A = (V,E,Σ,Θ,Φ), where V is a set of nodes called states,
E ⊆ (V × V × Σ ∪ {}) is a set of directed edges between states called transitions each labeled by
a character from Σ ∪ {}, Θ ⊆ V is a set of start states, and Φ ⊆ V is a set accepting states. In
short, A is an edge-labeled directed graph with designated subsets of start and accepting nodes. A
is a deterministic finite automaton (DFA) if A does not contain any -transitions, and all outgoing
transition of any state have different labels. Otherwise, A is a non-deterministic finite automaton
(NFA). Given a string Q and a path p in A we say that p and Q match if the concatenation of the
labels on the transitions in p is Q. We say that A accepts a string Q if there is a path from a state
in Θ to a state in Φ that matches Q. Otherwise, A rejects Q.
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The position automaton [17] for R is the -free NFA A = (V,E, {p0}, F ), where
V = Pos(R) ∪ {p0},
E = {(p0, q, label(q)) | q ∈ first(R)} ∪ {(p, q, label(q)) | q ∈ follow(R, p)}
F =
{
{p0} ∪ last(R) if  ∈ L(R),
last(R) otherwise
3 Internal Transitions and State-Set Transition Decompositions
In this section we introduce internal transitions and show how to decompose any state-set transition
into a set of internal transitions. The decomposition will be the basis for our overall solution and
in the following sections we will show how to compute internal transitions and how to use this to
implement state-set transition according to the decomposition.
Throughout the rest of the paper, let R be a regular expression with m positions and let δ
denote the state-set transition function of the position automaton for R. For simplicity in the
presentation, we will focus on implementing δ on the positions of R and ignore the extra start state
of the position automaton. The extra start state is straightforward to represent with additional
linear space and is only needed in the initial step of state-set simulations.
We need the following important characterization of state-set transitions. Given two nodes v
and w in R, let lca(v, w) denote the lowest common ancestor of v and w. The lowest star ancestor
of a node v, denoted parent∗(v), is the lowest ancestor of v that is a ∗-node.
Lemma 4 Let p ∈ Pos and q ∈ Posα and v = lca(p, q). Then, q ∈ δ(p, α) iff either
(i) v is a -node, left(v) ∈ lastextent(p), and right(v) ∈ firstextent(q), or
(ii) parent∗(v) ∈ lastextent(p) ∩ firstextent(q).
Lemma 4 have appeared in various forms in earlier work [9, 18, 33]. For our purposes, we state it in
terms lowest common ancestors and first extents and last extents. Lemma 4 states that a position q
can only appear in δ(p, α) through a -node or a ∗-node. We write q ∈ δ(p, α) if (i) is satisfied
and q ∈ δ∗(p, α) if (ii) is satisfied.
We now define internal transitions and internal transition nodes. Intuitively, given an internal
node v, an internal transition on v and a character α will correspond to the conditions on q and v
in Lemma 4 while ignoring the condition on p. The internal -transition and internal ∗-transition,
denoted δ(v, α) and δ∗(v, α), respectively, are defined as the sets
δ(v, α) = {q ∈ Posα | right(v) ∈ firstextent(q)} v is a -node
δ∗(v, α) = {q ∈ Posα | parent∗(v) ∈ firstextent(q)}
For instance, in Figure 2(a) we have δ(v4, a) = {p3}, δ(v1, c) = {p7} and δ∗(v7, a) = δ∗(v8, a) =
{p3}. The -transition nodes and ∗-transition nodes of δ(P, α), denoted N(P, α) and N∗(P, α),
respectively, are defined as the sets
N(P, α) = {v | v is a -node and left(v) ∈ lastextent(P ) and right(v) ∈ firstextent(Posα)}
N∗(P, α) = {u | u is a ∗-node and u ∈ parent∗(lca(P,Posα)) ∩ lastextent(P ) ∩ firstextent(Posα)}
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Here lca(P,Posα) is the set of nodes that are lowest common ancestors of a node in P and a node in
Posα. In combination, the set of transition nodes is the union of the -transition nodes and the
∗-transition nodes. Computing the transitions on all nodes in N∗(P, α) and N∗(P, α) would take
too long, as the output of the transition of one transition node might be included in the output from
one of its ancestors. Instead we will define the set of relevant transition nodes, that have disjoint
outputs.
We say that a node v is ∗-dominated by a node u if u is a proper ancestor of v and first(v) ⊆ first(u).
A node v ∈ N∗(P, α) is a relevant ∗-transition node if v is not ∗-dominated by any node in N∗(P, α).
The set of relevant ∗-transition nodes is denoted N˜∗(P, α). Note that since the first sets of relevant
∗-transition nodes are disjoint, the corresponding internal transitions are also disjoint. Similarly, a
node v is -dominated by a node u if u is a proper ancestor of v and first(right(v)) ⊆ first(right(u)).
A node v ∈ N(P, α) is a relevant -transition node if if v is not -dominated by any node in
N∗(P, α). The set of relevant transition nodes is denoted N˜(P, α).
We will use internal transitions to decompose a state-set transitions as follows.
Lemma 5 For any set of positions P and a character α,
(i) δ(P, α) =
⋃
v∈N˜(P,α) δ
(v, α) ∪ ⋃v∈N˜∗(P,α) δ∗(v, α) .
(ii) δ(v, α)∩ δ(u, α) = ∅ and δ∗(v, α)∩ δ∗(u, α) = ∅, for any pair of nodes u and v in N˜(P, α)
and N˜∗(P, α), respectively.
(iii) δ(v, α) 6= ∅ and δ∗(v, α) 6= ∅, for any node v in N˜(P, α) and N˜∗(P, α), respectively.
Proof: For (i), we first show that
δ(P, α) =
⋃
v∈N(P,α)
δ(v, α) ∪
⋃
v∈N∗(P,α)
δ∗(v, α) . (1)
Let RH and RH∗ be the union of internal -transitions and internal ∗-transitions, respectively, on
the righthand side of (1) and let RH = RH ∪ RH∗.
We show δ(P, α) ⊆ RH. Let p ∈ P and q ∈ Pos be positions with v = lca(p, q) such that
q ∈ δ(p, α). Then, q ∈ Posα and hence p, q, and v satisfies either case (i) or (ii) in Lemma 4. If (i) is
satisfied, v is a -node and left(v) ∈ lastextent(p) ⊆ lastextent(P ) and right(v) ∈ firstextent(q). By
definition, q ∈ δ(v, α) ⊆ RH ⊆ RH. Similarly, if (ii) is satisfied, then parent∗(v) ∈ lastextent(p) ∩
firstextent(q), and it follows parent∗(v) ∈ N∗(P, α). This implies that q ∈ δ∗(parent∗(v), α) ⊆ RH∗ ⊆
RH.
To show RH ⊆ δ(P, α) first suppose q ∈ RH. Then, q ∈ Posα and there is a -node v such that
right(v) ∈ firstextent(q) and left(v) ∈ lastextent(P ). Then, by Lemma 4(i) q ∈ δ(P, α). Similarly, if
q ∈ RH∗ it follows that q ∈ δ(P, α).
To show that
⋃
v∈N˜(P,α) δ
(v, α) = RH, let v be a node in N(P, α) that is not relevant, i.e.,
v 6∈ N˜(P, α). Let q be a node in δ(v, α). Since v is not relevant, there exists a node u ∈ N(P, α)
such that first(right(v)) ⊆ first(right(u)). Thus, right(u) ∈ firstextent(q) and we have q ∈ δ(u, α). It
follows that δ(v, α) ⊆ δ(u, α) and therefore ⋃v∈N˜(P,α) δ∗(v, α) = RH. By a similar argument
it follows that
⋃
v∈N˜∗(P,α) δ
∗(v, α) = RH∗.
For (ii) we show that δ(v, α) ∩ δ(u, α) = ∅ for any two nodes u and v in N˜ by contradiction.
Assume that q ∈ δ(v, α) ∩ δ(u, α). Then q ∈ first(right(u)) ∩ first(right(v)) and thus either u or v
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is an ancestor of the other. Assume wlog that u is an ancestor of v. Since right(v) ∈ firstextent(q)
it follows from Lemma 3 that first(right(v)) ⊆ first(right(u)). But then v cannot be relevant. By a
similar argument it follows that δ∗(v, α) ∩ δ∗(u, α) = ∅ for any two nodes u and v in N˜∗.
Finally, note that (iii) follows directly from the definition of N∗(P, α) and N(P, α)). 
4 Computing Internal Transitions
We now present an O(m) space data structure that given a node v and a character α supports
computing an internal transitions δ(v, α).
We first extend the definition of labels to internal nodes. For each internal node v, the label of v,
denoted label(v), is a set of characters such that α ∈ label(v) iff v = lca(p, q) for some position p and
q labeled α. Furthermore, if α ∈ label(v) then α ∈ label(parent∗(v)). In Fig. 2(b), label(v2) = {a}
since v2 = lca(p1, p2) and label(p1) = label(p2) = {a}. Since the total number of internal nodes
containing label α is |Posα| − 1 the total size of all labels is O(m).
4.1 Data Structure
Our data structure stores the regular expression with labels on leaves and internal nodes. Further-
more, for each α ∈ Σ, we store the following information.
• Arrays Aα, Fα, and Dα, where Aα[i] is the ith position labeled α in the left-to-right ordering
Posα, Fα[i] is the highest node in firstextent(Aα[i]), and Dα[i] is the depth of Fα[i]. See
Fig. 2(b).
• A data structure on Dα that supports range minimum queries. That is, given any pair of
indices l and r, the range minimum query on Dα returns a minimal value in the subarray
Dα[l, r].
• A data structure supporting predecessor queries on the positions in Posα. That is, given any
position p in R the predecessor query returns the nearest position labeled α to the left of p.
Also, at each -node and ∗-node v we store the range of positions in Aα that are descendants of v,
for each α ∈ label(v). If v is an -node we also store the range of positions that are descendants of
right(v). Finally, for each node we store a pointer to it’s lowest star ancestor and the depth of the
node.
The regular expression, the labels, and arrays use O(m) space. We use linear space data
structures to support range minimum queries in constant time [4, 20] and predecessor queries in
O(log logm) time [28,40]. The cited data structures for predecessor queries both use randomization,
but since we only need a static structure it is straightforward and well-known how to obtain the
same bound deterministically by combining deterministic dictionaries [19] with a simple two-level
approach (see, e.g., Thorup [36]). The remaining information uses O(m) space. All of the above
structures can be built in O(m) time. Hence, in total the data structure uses O(m) space and
preprocessing time.
4.2 Computing Internal Transitions
Next we show how to efficiently compute internal transitions. Given an -node v and a character α,
we compute δv (p, α) as follows:
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1. Compute the range [l, r] of positions in Aα that are descendants of right(v). If v is labeled α
the range [l, r] is stored at v and otherwise we use the predecessor data structure to compute
it. Since we saved the range of positions of descendants of right(v) we can find [l, r] using two
queries to the predecessor data structure for Posα.
2. Find a position j ∈ [l, r] such that Aα[j] has a highest first extent f among the positions in
Aα[l, r]. To do so we use a range minimum query on Dα with the range [l, r].
3. Compare f and right(v). If f is a ancestor of right(v), i.e., right(v) ∈ firstextent(Aα[l, r]), we
report Aα[j] and repeat steps 2 and 3 on the ranges [l, j − 1] and [j + 1, r]. We stop if this is
not the case or if the range is empty.
For instance, suppose we compute δ(v2, a) in our example in Fig. 2. In step 1, we find that
the range in aa of right(v2) = v4 is [l, r] = [2, 4] corresponding to the positions p2, p3, and p5. We
find the highest first extent in step 2 to be f = v4 corresponding to both p2 and p3. Suppose j = 3
corresponding to p3. Then, in step 3, we compare f with v2 and since f is an ancestor of v2 we
report p3 and repeat on the subarrays [2, 2] and [4, 4]. On [2, 2] we return p2, while on [4, 4] we do
not get a position since v8 is a proper descendant of v4.
The algorithm returns all positions q with label α in [l, r] such that right(v) ∈ firstextent(q) and
is thus correct. Step 1 uses constant time if v is labeled α and O(log logm) time otherwise for the
predecessor query. Step 2 and 3 uses constant time and are repeated at most 2|δ(v, α)|+ 1 times.
Hence, in total we use O(1 + |δ(v, α)|) time if v is labeled α and O(log logm + |δ(v, α)|) time
otherwise.
To compute an internal transition for the ∗-case we modify the above algorithm slightly. Given
a node v and a character α, we compute δ∗(v, α) as follows:
1. Compute the range [l, r] of positions labeled α that are descendants of v. If v is labeled α the
range [l, r] is stored at v and otherwise we use the predecessor data structure to compute it.
2. Find a position j ∈ [l, r] such that Aα[j] has a highest first extent f among the positions in
Aα[l, r] using a range minimum query on Dα with [l, r].
3. Compare f and parent∗(v). If f is a ancestor of parent∗(v), i.e., parent∗(v) ∈ firstextent(Aα[l, r]),
we report Aα[j] and repeat steps 2 and 3 on the ranges [l, j − 1] and [j + 1, r]. We stop if this
is not the case or if the range is empty.
Correctness follows as above and the time and space bounds are the same. In summary, we have
the following result.
Lemma 6 Let R be a regular expression of size m. Given R we can build a data structure in O(m)
time and space preprocessing such that given a node v in R, and a character α ∈ Σ, we can compute
(i) δ(v, α) in time O(1 + |δ(v, α)|) and δ∗(v, α) in time O(1 + |δ∗(v, α)|) if α ∈ label(v), and
(ii) δ(v, α) in time O(log logm+ |δ(v, α)|) and δ∗(v, α) in time O(log logm+ |δ∗(v, α)|) other-
wise.
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5 Computing State-Set Transitions
We now present our O(m) space data structure that supports computing a state-set transition,
δ(P, α) in O(|P | log logm+ |δ(|P |, α)|) time. The high-level idea in our solution is to identify the
relevant internal transition nodes for δ(P, α) and then apply our data structure for computing
internal transitions from Section 4. We then compute the union of these, which by the decomposition
in Lemma 5, is the precisely the set δ(P, α). However, the key challenge is to efficiently identify
the set of relevant transition nodes, since these depend non-trivially on the first and last extents of
P and Posα. In the following we show how overcome this challenge. A central component of our
solution is the transition tree of a state-set transition of a set of positions P . The transition tree
compactly encodes all paths in R containing transition nodes in O(|P |) space. We will show how to
efficiently compute the transition tree and traverse all the corresponding paths.
5.1 Transition Trees
Let P be a set of positions. Given a state-set transition δ(P, α), we define the transition tree T
as the tree induced by all nodes in P and their ancestors. A segment in T is a path from a leaf
or a branching node to the nearest branching node above it (or to the root if no such branching
node exists). The top and bottom node of a segment s is denoted top(s) and bot(s). Note that,
top(s) is always a branching node in T (or the root) and bot(s) is always a branching node or a leaf.
Observe that we can compactly represent T in O(|P |) space by storing the leaves (the set P ) and
the branching nodes along with pointers into R.
Lemma 7 Let T be the transition tree for P in R. If v is a transition node for δ(P, α) then v is a
node on a segment in T .
Proof: Follows immediately from the fact that all nodes in lastextent(P ) and their ancestors are
contained in T . 
We say that a node v is a -live node if left(v) ∈ lastextent(P ) and v is a -node. Note
that any node in N(P, α) is a -live node and a node in T . A node v in the transition tree
T is weakly -dominated by a node u if u is a -live node, u is a proper ancestor of v, and
first(v) ⊆ first(right(u)).
The following lemma follows from the definition of -live, (weakly) -dominating, and the
transition tree.
Lemma 8 All -live nodes are in T and have their left child in T . Furthermore, all -live nodes
that are -dominating a node in N(P, α) are branching nodes in T , and all weakly -dominating
nodes of branching nodes in T are also branching nodes in T .
Proof: By definition of -live any -live node u has its left child in lastextent(P ) and thus
left(u) ∈ T . Therefore, either u is a branching node, or its left child is on a segment and its right
child is not in T . An -live node u that is -dominating a node v ∈ N(P, α) must have its right
child in T as v is in T (by Lemma 7) and v ∈ T (right(v)) (by the definition of -dominating).
Therefore, u must be a branching node. Similarly, if u is weakly -dominating a branching node
v ∈ T then right(u) ∈ T and thus u is a branching node. 
Using Lemma 8 we can prove the following lemma about properties of relevant -transition
nodes, which we will use later.
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Lemma 9 Let v ∈ N(P, α) be an internal node on a segment s in T . Then left(v) is a node on
the segment s. Furthermore, v is relevant unless either
• v is -dominated by top(s), or
• first(right(v)) ⊆ first(top(s)) and top(s) is weakly -dominated by an -live node in T .
Proof: All nodes in N(P, α) are -live nodes, and thus have their left child in T by Lemma 8.
Since v is an internal node on a segment it is non-branching and thus its left child is on the segment
s. Assume v is not relevant. Then there exists a node u ∈ N(P, α) that -dominates v. By
Lemma 8 u is a branching ancestor of v in T . Assume u 6= top(s). Then u is a proper ancestor of
top(s). Since firstextent(right(v)) is a path from right(v) towards the root and right(u) is included in
this path, then also top(s) is on the path and therefore first(right(v)) ⊆ first(top(s)) ⊆ first(right(u)).
It follows that top(s) is weakly -dominated by u. 
A segment s in T is called a ∗-segment if parent∗(bot(s)) ∈ lastextent(P ) and is a node on s. The
transition tree T and the key information we need in our algorithm can be computed in O(P ) time.
Lemma 10 We can in O(P ) time compute:
• The transition tree T of P .
• All -live branching nodes in T and for each such node v the highest node in lastextent(P ∩
Pos(v)).
• All branching nodes in T that are -dominated or weakly -dominated by -live nodes in T .
• All ∗-segments of T .
The compact representation of the transition tree can be obtained as follows. Let P be the set of
leaves and repeatedly take the lca of adjacent nodes to form the internal nodes and the segments of
T . To compute the highest node in lastextent(P ) for each branching nodes traverse P and record
for each leaf l in T the highest node among the last extents of all positions that are descendants of
l. Then, traverse the branching nodes of T bottom-up to compute the last extents at the internal
nodes. The -live branching nodes follow immediately from this. The rest of the information can
be computed by a depth-first, left-to-right order traversal of the branching nodes and leaves of T .
5.2 Data Structure
We store the data structure from the previous section for computing internal transitions and the
following additional components.
• Data structures for R that supports lowest common ancestor queries and first label queries.
Given a node v and a character α, a first label query, denoted firstlabel(v, α), returns the
lowest ancestor of v whose label contains α.
• For each -node v labeled α a pointer next(v, α) to the lowest proper ancestor u of v such
that v ∈ T (left(u)), α ∈ label(u), and δ(u, α) is non-empty. If no such u exists we store a
null pointer to indicate this.
• For each ∗-node v a pointer endlast∗(v) to the highest proper ∗-ancestor of v such that
last(v) ∈ last(u). If no such u exists we store a null pointer to indicate this.
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• For each ∗-node v labeled α a pointer endfirst∗(v, α) to the highest proper ∗-ancestor u of v
such that α ∈ label(u) and first(v) ⊆ first(u). If no such u exists we store a null pointer to
indicate this.
• For each ∗-node v labeled α a pointer next∗(v, α) to the lowest proper ∗-ancestor u of v such
that α ∈ label(u) and δ∗(u, α) is non-empty. If no such u exists we store a null pointer to
indicate this.
• For each position p ∈ Pos, the highest node in lastextent(p).
• For each node v the highest node in lastextent(v) and the highest node in firstextent(v).
The data structure for internal transitions use O(m) space. We use linear space data structures to
support nearest common ancestors in constant time [4, 20] and first label queries in O(log logm)
time [10]. We store at most two next pointers for each label in R and a single pointer for each
position using O(m) space. In total, the data structure uses O(m) space and preprocessing time.
5.3 Computing State-Set Transitions
Given a set of sorted positions P and a character α, we compute the state-set transition δ(P, α) as
follows.
1. Construct the transition tree T and all the information from Lemma 10.
2. Find for each segment s all relevant -transition nodes for δ(P, α). We find all -transition
nodes in s as follows. If bot(s) is not an -live node stop. Compute the successor q of bot(s) in
Posα and set v = lca(bot(s), q). If v is not on s stop. If v is an -node, left(v) ∈ lastextent(P )
and v is not labeled α we add v to M. We then compute x = firstlabel(v, α). We find all
-transition nodes by repeatedly following next-pointers from x and adding the visited nodes
to M as follows. As long as left(x) ∈ lastextent(P ) and x is on s we repeat the following:
(a) If right(top(s)) ∈ firstextent(right(x)) and top(s) is -live set x = next(v, α).
(b) If top(s) ∈ firstextent(right(x)) and top(s) is weakly -dominated set x = next(v, α).
(c) Otherwise, add x to M and set x = next(v, α).
3. Find for each segment s = (v, w) all ∗-transition nodes for δ(P, α). We find all ∗-transition
nodes in s as follows. If s is not a ∗-segment we stop. Compute the predecessor q− and
successor q+ of p in Posα and let v be the lowest of lca(p, q
−) and lca(p, q+). If v is not
on s stop. If parent∗(v) is not labeled α we add parent∗(v) to M∗. We then compute
x = parent∗(firstlabel(v, α)). We find all ∗-transition nodes by repeatedly following next∗ and
endfirst-pointers from x as follows. As long as x ∈ lastextent(P ) and x is on s we repeat the
following:
(a) If endfirst(x, α) is a null-pointer we add x to M∗ and set x = next∗(x, α).
(b) Otherwise, let u = endfirst(x, α). If u ∈ lastextent(P ) and u is on s we set x = u. If u is
on the first ∗-segment above s or higher we stop. Otherwise, we add endlast(x) to M∗
and stop.
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4. Finally, compute and return the state-set transition⋃
u∈M
δ(u, α) ∪
⋃
u∈M∗
δ∗(u, α).
We argue that the sets M and M∗ include all relevant transition nodes for δ(P, α). Thus, by
Lemma 5 the set of positions computed in step 4 is δ(P, α). Consider a position p ∈ P and the
transition nodes for δ(p, α). If t is a transition node for δ(p, α), then t = lca(p, q) for some q ∈ Posα.
In particular, the node v = lca(p,Posα) is the lowest ancestor of p that is potentially a transition
node. Furthermore, the second lowest ancestor of p that can potentially be a transition node must
be a ancestor of both v and some q′ ∈ Posα\{q} and hence this node must be labeled α. Therefore
the node x = firstlabel(v, α) is the second lowest ancestor of p that can potentially be a transition
node for δ(p, α). By the definition of next- and endfirst-pointers, and Lemma 7 and Lemma 9, the
set M includes the set of all -transition nodes and the set M∗ includes the set of all relevant
∗-transition nodes. Hence, correctness follows.
Step 1 uses O(P ) time by Lemma 10. In step 2 we use P + |⋃u∈M δ(u, α)| time to follow
pointers as each node pointed to by an next-pointer contributes at least on to the output. In step
3 we use |M∗| time to follow pointers. Additionally, we use O(|V | log logm) = O(|P | log logm) time
to compute the firstlabel-queries in step 2 and 3. By Lemma 6 the time to compute all internal
transitions in step 4 is
O
( ∑
v∈M
α∈label(v)
(1 + |δ(v, α)|) +
∑
u∈M∗
α∈label(u)
(1 + |δ∗(u, α)|)
+
∑
v∈M
α 6∈label(v)
(log logm+ |δ(v, α)|) +
∑
u∈M∗
α 6∈label(u)
(log logm+ |δ∗(u, α)|)
)
(2)
For each segment at most one node in M and in M∗ is not labeled α. Furthermore, each of
the -transitions on transition nodes labeled α in M are disjoint non-empty subsets of δ(P, α).
Similarly, the ∗-transitions on transition nodes labeled α in M∗ are disjoint non-empty subsets of
δ(P, α). The same is true for the -transitions and ∗-transitions on transition nodes not labeled
α. Hence, (2) is O(|P | log logm+ |δ(P, α)|). In total, we use O(|P | log logm+ |δ(P, α)|) time. In
summary, we have the following result.
Lemma 11 Given a regular expression R of size m, we can build a data structure in O(m) space
and preprocessing time such that given any set of sorted positions P in R and character α ∈ Σ, we
can compute δ(P, α) in O(|P | log logm+ |δ(p, α)|) time.
6 Faster State-Set Transitions and Batched Predecessor
We now show how to improve the running time of the transition algorithm from O(|P | log logm) to
O(|P | log log m|P |). First, observe that the log logm factor is from computing |P | predecessor queries
and |P | first label queries in step 2 and 3. The first label queries in turn be reduced to computing
O(|P |) predecessor queries on the Euler tour of R [10]. In both cases the O(|P |) queries are provided
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in sorted order, are independent of each other (the input to a query does not depend on the output
of another query), and are on a universe of size O(m). In the next section, we present a general
reduction that improves the running of predecessor queries in this setting.
6.1 Batched Predecessor
Let S be a set of n integers from a universe U = {0, . . . , u − 1} of size u. Given a sorted set
P ⊆ U , the batched predecessor problem is to find for each p ∈ P the predecessor of p in S. Given
a predecessor data structure with query time t(n, u) and space s(n, u) we can trivially solve the
batched predecessor in time O(|P |t(n, u)) and space s(n, u) space. We present a general reduction
that improves the time dependency on the universe in the time complexity from O(|P |t(n, u)) to
O(|P |t(n, u|P |)).
Assume without loss of generality that u is a power of 2. Conceptually, construct the trie T of
the binary encoding of the integers in S. For each node v, let S(v) ⊆ S denote the subset of integers
that are descendants of v and let U(v) denote the universe of integers with the prefix corresponding
to the path to v. Our data structure consists of the following information:
• For each node v, a predecessor data structure for S(v) on the universe U(v).
• For each level i in T , a sorted list Li containing the minimum and maximum of each subset
S(v) of nodes at level i.
Note that the size of the universe |U(v)| for a node v at level i in T is u/2i and |Li| ≤ 2 · 2i = 2i+1.
The predecessor data structures use
∑
v∈T s(|S(v)|, |U(v)|) = O(s(n, u) log u) space, and the lists
use O(n log u). Hence, in total we use O(s(n, u) log u) space.
Let P be a set of sorted positions. To answer a batched predecessor query for P , we compute
the maximum level i such that 2i+1 ≤ |P | and then merge the list Li with P . For each p ∈ P we
record the corresponding predecessor p− and successor p+ in Li. We compute the predecessor of p
in S according to the following two cases:
1. If (p−, p+) = (min(S(v)),max(S(v))) for a node v, i.e., p is within the range of S(v), we find
the predecessor of p with the predecessor data structure on S(v).
2. If (p−, p+) = (max(S(v)),min(S(v′))) for nodes v, v′, i.e., p is between ranges of S(v) and
S(v′), we return p− as the predecessor of p.
The merging uses O(|Li|+ |P |) = O(2i+1 + |P |)+O(|P |) time. In case 1 we use O(t(|S(v)|, |U(v)|)) =
O(t(n, u/2i+1)) = O(t(n, u/|P |)) time and in case 2 we use constant time. Hence, in total we use
O(|P |t(n, u/|P |)) time.
To reduce the space we form groups of Θ(log u) consecutive elements in S(v) and store the
maximum element in each group as a representative for the group in the data structure above. This
uses O(s( nlog u , u) log u) space. We store each of the groups in an atomic heap [14] that supports
predecessor queries in constant time and linear space. In total, we use O(s( nlog u , u) log u) + n) space.
To answer a query, we first use the above algorithm. This computes the predecessor for each element
in P among the group representatives. We then identify the true predecessor in S by a predecessor
query in the group containing the representative and the next. Since these take constant time, we
use the same asymptotic time as above. In summary, we have the the following result.
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Theorem 12 Let S be a set of n integers from a universe of size u. Given a predecessor data
structure with query time t(n, u) and space s(n, u), we can then solve the batched predecessor problem
for any sorted set P in time O(|P |t(n, u/|P |)) and space O(s( nlog u , u) log u) + n).
In particular, using an O(n) space and O(log log u) time data structure we obtain a solution to the
batched predecessor problem that uses O(n) space and can find the predecessors of all elements in a
set P in time O(|P | log log u|P |).
6.2 Putting It Together
Finally, we combine the results to obtain Theorems 2 and 1. We use Theorem 12 with a linear space
and O(log log u) time predecessor data structure [40] to implement the predecessor and first label
queries in our state-set transition algorithm of Section 5. Since m = u in our setting, it follows that
we can compute a state-set transition δ(P, α) in O(|P | log log m|P | + |δ(P, α)|) time. This completes
the proof of Theorem 2.
Next, consider Theorem 1. Let Q be a string of length n and let S0, . . . , Sn be the state-sets
in the simulation of R on Q and let ∆ =
∑n
i=0 |Si|. We implement the state-set transitions using
Theorem 2. Note that each state-set transition produces the output in sorted order as required.
Since logarithms are concave we have that the total time for the state set transitions is
O
(
n∑
i=0
|Si| log log m|Si|
)
= O
(
(n+ 1)
∆
n+ 1
log log
m
∆/(n+ 1)
)
= O
(
∆ log log
nm
∆
)
.
The algorithm uses O(m) space to store the representation of R and at most two state-sets during
the simulation. This completes the proof of Theorem 1.
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